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EXECUTIVE SUMMARY

The Regional Programme for the Development and Utilization of the Nubian Sandstone Aquifer (in the text to follow: The Regional Programme) underlying Egypt, Libya, Sudan, and a part of Chad, emphasizes the need for an integrated and comprehensive approach that would lead to environmentally sound utilization and management of ground water resources to enable the aquifer-sharing countries to achieve their national goals of food security, improve the living conditions of poor farmers, and guarantee to a certain extent their social and economical well being.

The Regional Programme includes the following components:

( 
Establishment of a national mechanism in each country for the development and monitoring of the aquifer and the rationale use of abstracted water.

( 
Promotion of regional cooperation among the aquifer-sharing countries through establishing and/or strengthening a regional coordinating mechanism.

(
Establishment of project-oriented, national, and regional ground water information systems, with all data and information to be shared by participating countries.

( 
Desertification control and/or desert reclamation.

(
Human power development; and

( 
Community development.

Complying with the need to proceed with developmental activities while collecting more data and information, the work that is formulated under the Regional Programme is foreseen to be implemented in phases.

Phase One would include the following:

(
Establishment of national mechanisms in each participating country to be entrusted with activities formulated under this Regional Programme for their respective country.

(
Establishment of a regional body (committee, administration, commission, or the like) that would be responsible for regional coordination of activities, project initiatives, and project developments that may affect more than one country. It is expected that the presently operational Joint Commission on the Nubian Sandstone Aquifer, established after the Tripoli meeting in 1991 with the membership of Libya and Egypt, and later on joined by Sudan, would continue its role under a modified mandate.

(
Search for data, data transfer into computerized national and regional data bases, and establishment of several comprehensive computerized information systems. These systems would include ground water, surface water, agricultural coverage and ground water abstractions, and socio-economic indicators, in a form of relational data bases and accompanying graphical data presentations.

(
Training of national staff in all aspects of data collection, data storage, computerized work with geographic and ground water information systems, including mathematical modeling, socio-economical parameters and models, and the like.

(
Compilation of information about national development objectives and development constraints (constraints on availability of skilled labour, capital, foreign exchange, etc.); as well as information about the status of the environment in the areas where projects would be implemented).

(
An expert group meeting on socio-economics of development and the environment. The objectives of the expert group meeting would be to discuss national development priorities and constraints; successes and failures of past development activities; special considerations to which attention should be paid in the process; methods of public involvement; and means of and incentives for attracting people to new development areas.

Phase Two would include the following:

(
Formulation of new development projects, and preparation of project documents and designs.

(
Continuing monitoring of existing projects and updating information systems created under Phase One.

(
Economic and financial feasibility studies, as well as environmental impact assessment, if needed in the formulation of new development projects, and preparation of project documents and designs.

(
Technical, resources and financial sustainability considerations in the formulation of new development projects.

Phase Three would include the following:

(
Implementation of new development projects or expansion of the existing ones, using the data collected in Phase One and project designs, both technical and socio-economical, prepared in Phase Two.

The Regional Programme is formulated as a 5 years programme, with the phases overlapping. The expected duration of the phases of the programme would be one year, two years, and four years, respectively. This document does not intend to formulate the development projects at this stage. Several development project ideas and initiatives are listed in Annex B.

Phases One and Two would run concurrently, or with Phase Two starting several months after Phase One. Development project initiatives would be formulated parallel with data compilation, analysis, and interpretation. The formulation of a project would follow a standardized format, such as (1) the formulation of development and of immediate objectives, (2) required activities and inputs, (3) expected and planned outputs, (4) needed staff, personnel, and materials, (5) projected budget and costs for the project implementation, and (6) expected environmental impacts and assessment thereof. Phase Three would start as soon as the data are compiled and interpreted, projects formulated, and project designs prepared. Some projects, the formulation of which started many years ago, could start after the first year.

The immediate objectives of the Regional Programme would be the following:

(a)
Promotion of regional cooperation, sharing data and information, and sharing experiences in both successful and failed past projects.

(b) 
Establishment of regional data bases with data related to hydrogelogical, social and economic activities and parameters, as well as data on the current status of the environment and environmental management practices. These data bases would be made the components of computerized, comprehensive, and well-integrated information systems. Data on agriculture would be included only if agriculture is identified as the major activity for utilization of the aquifer at present or in the future. These systems would not be an exclusive property of a centralized institution. Rather than that, the data would be shared among participating countries, users, and various projects. The establishment of regional and local information systems would be partly of institution building character. The emphasis would be on data and information, which would be easy to retrieve and process, analyze and interpret, and to present in a meaningful way. As stated by director of GWA, Libya “billions of cubic meters of water could be available for various developments if information gaps were filled and provided that modern technologies of GIS and information systems were applied.”

(c) 
Analysis and interpretation of data collected and stored in information systems.

(d)
Identification of possible activities based on the analyses conducted by the Regional Programme, that would aid and promote national development objectives, and be in line with national priorities for economic development under the broad goal of poverty alleviation.

(e) 
Upgrading technical and managerial capabilities of professional staff engaged in water and agricultural sectors in fields such as establishment of computerized information systems, ground water resource assessment and evaluation of current and future projects, ground water mining techniques and well field designs, establishment of ground water monitoring networks (abstractions, water quality, and water level observations), desertification control, desert reclamation, etc. This would involve training at different levels and in different disciplines.

(f) 
Formulation of guidelines for the efficient exploitation of the aquifer and the development of overlying land within an ecologically sound socio-economic framework.

The Regional Programme would prepare development projects and would offer technical assistance, follow up, interpretation, monitoring and supervision, but would not implement projects.

The technical programme of the Regional Programme activities in Phase One may include the following:

(a)
Bibliographic reviews, data search, compilation of documents, designs, and assessments.

(b)
Collection of data on abstraction, exploration, monitoring, and observation wells locations; well constructions; lithology of drilled formations; water levels before and during abstractions; ground water quality information; hydrogeological data interpreted as aquifer parameters (hydraulic conductivity, transmissivity, storage properties, etc.); abstraction from wells as time series from each project area; data on use of water, irrigation coverage, and crops; social and economical information from areas of development; etc.

(c)
Design of relational data bases to store the data collected under this phase; selection of appropriate software packages; and implementation of comprehensive information systems on ground water and related data.

(d)
Specifications for and procurement of computer hardware and software needed for the establishment of  dedicated data bases and information systems.

(e)
Evaluation of current, and design of new, ground water monitoring networks.

(f)
Assessment of past ground water development projects by comparing the forecast by models (postauditing) with the evolution of water levels as a result of abstractions, and using the information systems that would be created under this phase.

(g)
Evaluation of socio-economical impacts in past and current ground water development projects.

(h)
Training of national professional staff in computerized work, work with geographic and ground water information systems (GIS and GWIS), mathematical modeling, economical and social studies, and in ground water data collection, data analysis and interpretation. 

(i)
Preparation of thematic maps using advanced GIS mapping techniques.

(j)
Preparation of technical guidelines for drilling of wells, development of wells, aquifer testing, selection of materials to be installed in wells, monitoring, sampling and laboratory analyses, data input forms, etc.

Background Information and Justification for Regional Programme
The Nubian Sandstone Aquifer underlies an area in excess of 2 million square kilometers within the Eastern Sahara in North-East Africa. The area occupied by the aquifer extends between latitudes 15o and 25o North and longitudes 20o and 35o East.

In Egypt, the Nubian Sandstone Aquifer occupies an area of about 850,000 km2 in the Western Desert, including the area known as Wadi El Gedid (New Valley), with its several ground water basins at the oases of Kharga, Dakhla, Farafra, and Bahariya.  In Libya, the Nubian Sandstone Aquifer underlies an area of 650,000 km2 in the eastern part of the country including the Kufra, Sarir and Tazerbo basins.  In Sudan, the aquifer underlies about 750,000 km2 and extends over most of Northern Darfur, Northern Kordofan, Northern Gezira, the Nile and the Northern States.  In these areas, the aquifer fills two major ground water basins namely the Nile-Nubian and the Sahara-Nubian. In North-East Chad, the Nubian Aquifer or its continental calcareous equivalents, underlies about 100,000 km2.

Ground water basins within the Nubian Sandstone Aquifer are hydraulically inter-connected in one way or another, and the whole aquifer system behaves as one hydraulic unit. The ground water in storage in the Nubian Sandstone Aquifer is huge; it is estimated as 150,000 km3.  This represents the largest fresh water mass in the Arab or the whole world.

Egypt, with the area of about one million square kilometers and population of some 60 million increasing at a demographic annual growth rate of 2.5%, will have a minimum of about 129 million population by the year 2030. The available renewable water per capita is forecasted to decrease from 1123 m3 in 1990 to 681 m3 in 2030. The demand is expected to grow from 55 billion cubic meters in 1985 to an estimated 75 billions by the year 2030. There is a gross debalance between water resources and population distribution of Egypt. About 98% of the entire Egyptian population lives within the Nile River valley. Additional development of ground water from the Nubian Sandstone Aquifer appears to be the only plausible solution in a short term.

The Sudan has an area of 2.5 million square kilometers and a population of 26 million with an annual demographic growth rate of about 3%. The population is expected to reach 55.5 million by the year 2030. The annual gross national product (GNP) of the Sudan is about US$350 and the country belongs to the least developed countries (LDC) according to the United Nations classification. The Sudan depends primarily on its annual rainfall and the River Nile system for its water requirements. A prolonged drought over the last 25 years resulted in impaired land productivity and in desertification over a large part of the northern part. In the north, the creeping sand dunes have smothered some 240,000 ha. of  the irrigated agricultural land. A mass exodus of some 50% of the population resulted as a consequence of drought. At present the sand dunes are now creeping steadily at a rate of 7 to 29 m every year and are seriously threatening the Nile course itself. The Sudan is currently using some 13 billion cubic meters as its annual share of the Nile waters. The present national development plan calls for the reclamation of about one million hectares before the year 2000. This requires an additional 15 billion m3/yr (Bm3/yr).

The development of the Sahara Nubian Sandstone Aquifer in Western Sudan would make possible the development of promising land potentials of Wadi Hower and other oases in the Western Desert. The establishment of green oases along the Darb Al-Arbaeen Camel Route connecting Sudan with Libya and Egypt would promote the border trade and facilitate the construction of desert roads connecting the three countries. The project has been formulated and is listed in Annex B.

The Great Socialistic People’s Libyan Arab Jamahiriya (Libya) has an area of about 1.75 million square kilometers and a population of slightly less than 5 millions increasing at an annual demographic growth rate of 4.1% in 1990-95. It is expected that Libya’s population would reach 13.8 millions by the year 2025. With the exception of the coastal strip where the average annual rainfall hardly exceeds 90 mm, the ground water remains the only reliable and perennial source of water in the country. Due to the demographic growth, the annual availability of water per capita is expected to decrease from about 1017 m3 in 1990 to 377 m3 by the year 2025. This is much below the 1000 m3/yr/capita which is considered by the U.N. as the “water scarcity” threshold.

To avoid the situation of water shortage, Libya is sparing no efforts in developing its ground water resources and transferring large volumes, at great cost, from far away desert areas to the population along the coast. The Nubian Sandstone Aquifer forms the cornerstone of any future development plans in Libya.

Rationale and Relevance
During the past three decades, Libya, the Sudan, and Egypt have made separate attempts to develop the Nubian Sandstone Aquifer and the overlying desert lands. Each country has thus its specific experience, failures and success in that field. Sharing these experiences among the three countries within a framework of technical cooperation would be of vital importance to their economies, while ensuring that the common property resource is managed in a sustainable manner.

At present the countries have merely established national strategies and policies which are not necessarily conducive to the overall management and development of this important ground water reservoir.

Regional Cooperation
Since early seventies, the three countries have expressed their interest in regional cooperation in studying and developing this regional aquifer. This interest was confirmed and emphasized during the workshop and the following tripartite meeting reviewing the achievements of the UNDP project RAB 83/013 “Transnational Project on Major Regional Aquifer in North-East Africa”, held in Khartoum at the end of 1987.  The three countries, by then, agreed to seek international technical assistance to establish a regional project on the Development and Utilization of the Regional Nubian Aquifer.  They all emphasized that the proposed project would be very much in line with their development programmes and its results would have a direct positive impact on their social and economical status.

The International Fund for Agricultural Development (IFAD), as part of their efforts to improve the standard of living and productivity of poor farmers, organized several meetings (in Tripoli in July 1991; in Rome in February 1994, and in June 1995) attended by representatives from Egypt, Libya, and Sudan, and, in Rome, from the Centre for Environment and Development for the Arab Region and Europe (CEDARE).  The Rome meeting recommended that the Regional Project for the Development and Utilization of the Nubian Sandstone Aquifer should be preceded by a preparatory phase to be implemented by CEDARE.  In that phase the ongoing studies and development activities on the aquifer were reviewed in a Regional Workshop which was held in Cairo in April 1995.  At the end, the workshop recommended IFAD/CEDARE to formulate a Regional Programme Document. The Executive Summary is a part of this document.

To indicate their commitment to the Regional Project, Egypt, Libya, and Sudan nominated the collaborating institutions which would coordinate the programme’s activities at national levels.  They also established multisectoral national committees comprising the representatives of the ministries and other target communities (e.g., Farmers Union) which would participate in the planning and follow-up of different activities of the national programmes of the Regional Programme.  The three countries also formed a Joint Technical Commission, stationed in Tripoli, which can act as a nucleus of the Steering Committee of the forthcoming Regional Programme.  At present, the Commission convenes every three months and will soon arrange visits to ongoing development projects in each country in order to share each others experiences and to develop practical guidelines for new projects.

Special Considerations
The Regional Programme is meant to foster cooperation between the countries sharing the Nubian Sandstone Aquifer in the fields of ground water studies and development, environmentally sound agricultural and agro-pastoral development, policies and programmes leading to the restoration of the disrupted ecological balance and to combating desertification.

The cooperation and exchange of experience could encourage individual countries to develop and implement new national programmes that could have positive impact on the economy and improve the standard of living of their small and poor farmers.  On the other hand, the cooperation among the participating countries may help in financing and in the implementation of some regional development programmes that would be impossible otherwise. These projects may include the protection of the Nile course from sand dune encroachment in Northern Sudan;  the establishment of green oases along some of the desert tracks connecting the three countries, such as  Darb Al Arbaeen; establishing farms along connecting roads of New Valley & East Uweinat projects; rehabilitation of vanishing oases; afforestation and sand dune fixation in some industrial communities; and the like. They could also act as a pilot demonstration of possible development and reclamation of desert areas, settlements of nomads, resettlement of the population displaced by the continuing draught, and finally they can be taken as a practical case study for formulating techniques for creating a balance between population and utilization of renewable and non-renewable natural resources.

Most importantly, the three countries could cooperate in socio-economical aspects of developing the aquifer for different purposes. Such development would start a socio-economical chain reaction on target population, and probably the country as a whole, and may have desirable as well as undesirable impacts.  New communities would be created, with immigrants and/or settlers bringing with them their social norms, cultural heritage, etc.  Accordingly, the participating  countries could cooperate in adopting a framework of socio-economical surveys to be carried out as a pre-requisite for planning development projects. 

The proposed Regional Programme would represent a unique model for regional cooperation to rationalize the use of a vast common resource which spans across several countries

Institutional Framework
In the programme preparatory stages, the participating countries agreed to have the following national institutions as the lead agencies:

(i)
The Ground Water Research Institute of the Water Research Centre in Egypt;

(ii)
The General Water Authority in Libya; and

(iii)
The Directorate of Non-Nile Water Resources in Sudan.

The programmes’ National Committee in Egypt includes representatives of the Ministry of Public Works and Water Resources, Ministry of Agriculture, Desert Institute, Geological Survey, and the Egyptian Environmental Affairs Agency. The National Committee of Sudan includes representatives of the Ministry of Irrigation, Ministry of Agriculture, the Relief and Rehabilitation Agency, Land Use and Soil Conservation, Forestry Department, Governor of the Northern State, and Farmers Unions of Seleim and Khawi in the Northern State.  In Libya, the programme’s National Committee would include representatives from the Soil and Water Department, that is from the General Water Authority, the Great Man-made River Authority, the Secretariat of Utilities (domestic water supply and sewage), the Secretariat of Health (protection from pollution of water resources), and the Secretariat of Agriculture. 

In line with CEDARE’s mandate and operational focus, the Regional Programme would integrate hydrogeological studies, natural resources development, environmental protection, public awareness, and professional training within a regional framework.

The Regional Programme would address the technical aspects of development of ground water resources from the Nubian Sandstone Aquifer. However, an equally important focus would be placed on socio-economical studies to feedback into a regional strategy, ensuring that the rural poor are not bypassed by developmental initiatives associated with the management and utilization of the aquifer. It would include the evaluation of operational and managerial problems at state and local community levels. Qualified national staff (of the Ground Water Research Institute in Egypt; the General Water Authority in Libya; and the Directorate of Non-Nile Water Resources in the Sudan), assisted by international experts through CEDARE, would collect, collate, analyze and interpret information and results from past and on-going hydrogeological activities, including development schemes.

Cost
The total cost for all the work anticipated for Phase One and Phase Two (coordination; international and national consultants; workshops, seminars and courses; support to national committees and regional commission; equipment and materials; and up to ten prefeasibility reports for selected/proposed development projects) would amount to a total of about US$3,500,000. The support in Phase Three (preparation of development projects for implementation, supervision, technical assistance, etc.) could be estimated at this stage at about US$1,500,000. With CEDARE’s overhead of 10%, the total Regional Programme cost could be about US$5,500,000. 

ABBREVIATIONS
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Billion cubic meters per year (109 m3/yr)

CEDARE
Centre for Environment & Development for the Arab Region and Europe

EGM

Expert Group Meeting
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U.S.G.S. Three-dimensional Modular Aquifer Simulation Program 
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The Research Institute for Ground Water, Egypt
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Regional Nubian Sandstone Aquifer Commission

TDS

Total Dissolved Solids

UNEP

United Nations Environmental Programme

UNDP

United Nations Development Programme

U.S.G.S.
United States Geological Survey

WRC

Water Research Centre, Egypt

PREFACE 

The Regional Programme document
 has the following  content:

1.
Executive Summary. The overall formulation of the Regional Programme is presented, emphasizing its development and immediate objectives, phased approach, and the need for regional cooperation. The technical programme or project activities for Phase One are discussed briefly. The Executive Summary ends with the agreed upon institutional framework.

2.
Main Text with the discussion of the importance of the water sector in each country, the role of water sector in national plans and economies, followed by detailed background information on the ground water system of the Nubian Sandstone Aquifer, and details and expected effects of the programme.

3.
Annex A describes the technical aspects of Phase One of the programme, and activities anticipated under this phase.

4.
Annex B is a list of several development projects that have been formulated in the past few years but the implementation of which has not yet started. This is an incomplete list of project ideas, initiatives, and proposals. It is expected that during Phase One of the Programme, and certainly in Phase Two, many additional projects would be proposed, formulated, and submitted for implementation.

5. 
Annex C deals with cost, type of financing, and financial plan.

6. 
Annex D presents a Work Plan for Phase One (detailed) and Phases Two and Three (general) of the Regional Programme.

In the preparation of this Regional Programme document numerous reports, studies, documents, briefs and write-ups have been consulted. Most of data and information presented in this document are directly taken from these reports. The Programme includes most, if not all, major suggestions and recommendations from national status reports, synthesis report, and the recommendations formulated in the workshop held in Cairo in April 1995. Of great help were personal communications and discussions with Dr. Wilson Iskander (Sudan), Dr. Kamel Hefny (Egypt), and Ms. Nadine El-Hakim, CEDARE socio-economics specialist. Dr. Walid Gamaleldin, CEDARE Consultant, contributed  Chapter 4 (Socio-Economic Analysis). Below is an incomplete list of reports dealing with the Nubian Sandstone Aquifer, the preparation of which was solicited by CEDARE for, or was directly tied to, the preparation of the Regional Programme for the Development and Utilization of the Nubian Sandstone Aquifer.

(1)
Islamic Republic of Sudan: National Status Report. November 1994. Prepared by W.Iskander, M.K.Salih and A.I.El Fadl.

(2) 
Great Socialistic People’s Libyan Arab Jamahiriya: National Status Report. November 1994. Prepared by O.Salem, S.El Baruni and O.Soleiman.

(3)
Arab Republic of Egypt: National Status Report. November 1994. Prepared by M.Abu Zeid, T.Hassan, A.Shata, F.A.R.Attia, S.Nour and K.Hefny.

(4)
First Synthesis Report of National Reports. Cairo, December 1994. Prepared by K.F.Saad.

(5)
Report of the IFAD/CEDARE Regional Workshop on the Preparatory Phase for a Regional Programme on the Development and Utilization of the Nubian Sandstone Aquifer. Cairo, April 1995.

(6)
I.H.Himida: Towards a Regional Programme for the Development and Utilization of the Nubian Sandstone Aquifer. Cairo.

(7) 
K.F.Said: Proposal for the Formulation of a Regional Programme for the Development and Utilization of the Nubian Sandstone Aquifer - “Technical Aspects.” Cairo.

(8) 
M.W.Gamaleldin: Towards a Regional Programme for the Development and Utilization of the Nubian Sandstone Aquifer - Socio-Economic Aspects. Cairo, April 1995.

(9) 
R.Tomaselli: Nubian Sandstone Aquifer Programme - Prefeasibility Stage. Office Memorandum. IFAD, Rome, September 1995.

(10) 
W.Iskander: Write-up on the Regional Programme with Background Information, Justification, Special Consideration, Institutional Framework, Development Objectives, and Immediate Objectives, Outputs, and Analysis. Cairo, September 1995.

(11) 
Letter of Agreement between IFAD and CEDARE for the Preparatory Phase for a Regional Programme on the Development and Utilization of the Nubian Sandstone Aquifer. Rome, 1994.

(12) 
IFAD: Brief on the Programme Formulation Follow-up Meeting, Rome, 15 June 1995.

The evaluation of water sector in national plans and economies is primarily taken from the following publications:

(13) 
M.Abu Zeid: Water Resources Assessment for Egypt. In: Planning for Groundwater Development in Arid & Semi-Arid Regions. Round Table Meeting, Cairo, October 1991.

(14) 
O.M.Salem: The Great Man-made River Project .. A Partial Solution to Libya’s Future Water Supply. In: Planning for Groundwater Development in Arid & Semi-Arid Regions. Round Table Meeting, Cairo, October 1991.

(15) 
M.M.Terap: Water Resources of Chad. In: Planning for Groundwater Development in Arid & Semi-Arid Regions. Round Table Meeting, Cairo, October 1991.

Note. 
The denomination used and the boundaries shown on any map or graphical appendices to this document do not imply, on the part of IFAD, CEDARE or any other party associated with the preparation of this document, any judgment on the legal status of any territory or any endorsement or acceptance of such boundaries.

1.
Summary of the Programme

1.1.
Background and Purpose

The Nubian Sandstone Aquifer underlies an area of more than two million square kilometers of the eastern Sahara, cutting across the borders of several countries including the Sudan, Egypt, Libya, and a part of Chad (Figure 1). This makes the Nubian Sandstone a “transnational” aquifer, with its various subunits occupying several structural and sedimentary basins more or less hydraulically connected. The distribution of the Nubian Sandstone Aquifer is as follows: (a) about 850,000 km2 in Egypt, (b) about 750,000 km2 in Sudan, (c) between 400,000 and 650,000 km2 in Libya, depending on whether the Sarir Basin is included into the Nubian complex, and (d) between 70,000 and 100,000 km2 in Chad.

Egypt was self-sufficient agriculturally, and agricultural production grew at over three percent annually during the 1960s. In the 1970s and the early 1980s the pace of growth declined to around two percent per year. In 1990 the country was importing two-thirds of its wheat and vegetable oil.

In Egypt, the development of the Nubian Sandstone Aquifer for irrigation purposes is essential for reclaiming more irrigable land outside the Nile Delta and Valley. Egypt started developing the Nubian Sandstone Aquifer for large-scale irrigation in 1962, with the objective of reclaiming three million feddans of cultivated land. (In Egypt and Sudan, one feddan is equal to 4,200 m2; in Libya, one feddan is equal to 4,000 m2; for comparison on acre equals 4,047 m2.) A development plan drawn up to focus on the development of agriculture and other economic sectors, indicated that the present ground water abstraction of about 300 million cubic meters (Mm3/yr) could easily be tripled without causing undesirable effects to the aquifer. Centers of major developments within the Nubian Sandstone Aquifer in Egypt are shown in Figure 2.

The Sudan is currently using its 13 billion cubic meters per annum allocated to it according to the Nile Water Agreement. Present national development plans call for the reclamation of 2.5 million feddans (about 1.0 million hectares) of land before the year 2000, requiring an additional 15 billion cubic meters of water for the year 2000. Various studies, including those conducted under the UNDP regional project (1988), show that the Sandstone Aquifer has the capacity to increase the irrigated agricultural land in certain areas by 22,000 feddans, allowing over 5,000 families to return to drought-hit areas and resettle. The extension of the Nubian Sandstone Aquifer in Sudan is shown in Figure 3. The physical boundaries of the major ground water basins in Libya are shown in Figure 4.

In Libya, the Government’s strategy is to convey ground water from the desert basins to the population centers in the north where climatological conditions are more favourable (Figure 5). It is estimated that in the year 2000, the water demand for Libya will reach between 6 and 12 Bm3/yr, and the only major resource with the potential to fulfill these needs is the ground water. The most outstanding ground water development project the Jamahiriya has embarked upon is the Great Man-made River Project (GMRP), to convey the Nubian Sandstone Aquifer water from three well fields, namely Sarir and Kufra in the east and Murzuq in the west, to the coastal area some 800 km far away using 4-m diameter pipelines. The development plan calls for delivering through pipelines approximately 6.1 million m3/day (2.2 Bm3/yr). Even when the GMRP will have been completed, there would still be a wide gap between water demand and water supply.

During the past three decades,  Libya,  Sudan and Egypt have made separate attempts to develop the Nubian Sandstone Aquifer and the overlying desert lands. Each country has thus its specific experience, failures and success in that field. Sharing these experiences among the three countries within a framework of technical cooperation would be of vital importance to their economies, while ensuring that the common property resource is managed in a sustainable manner.

The Programme’s overall objective is the development of a regional strategy for the environmentally sustainable management of this vast common property resource, in a way that enables the three participating countries to achieve food security. The Regional Programme would integrate modern information systems, hydrogeological studies, natural resource development, environmental protection, public awareness, institution building and training within a regional framework. 

1.2. Principal Resources To Be Deployed

Each participating country would make its professional staff available for (a) data collection, (b) compilation of reports and information, (c) establishment of local (project-oriented) and national ground water and socio-economical information systems (data bases enhanced with integrated graphical presentations: maps, diagrams, litho-stratigraphic displays, etc.), and (d) analysis, interpretation and re-interpretation of all information collected so far.

The Joint Commission of representatives from Libya and Egypt, which was established after the Tripoli 1991 meeting, and later on joined by representatives of Sudan, would be expanded into a Regional Nubian Sandstone Aquifer Commission (RNSAC). Its task would be primarily of coordinating nature within the regional technical cooperation context. It would be a “clearing house” for the formulation, preparation and presentation of projects of mutual interest proposed for implementation and national or international financing. The Regional Commission would act as a “steering” authority, and would comprise representatives of participating countries (members of the Joint Commission, to be joined by Chad), IFAD (and other major donors) and CEDARE (Executing Agency).

Members of National Committees would be appointed and would be expected to work within the framework of regional cooperation. The national components would be activities that each country would undertake to contribute to the overall understanding of the agricultural, hydrogeological and socio-economic developmental aspects of the Nubian Sandstone Aquifer and its lands within a country or regionally.

1.3. Main Results Expected
The Regional Programme is expected to produce the following results:

(a) Guidelines for collection, verification, input, analysis and interpretation, and presentation  of ground water data.

(b) Computerized Ground Water Information Systems (GWIS) covering all current developments within the Nubian Sandstone Aquifer. These GWISs would be created locally for a project, to be merged, if and when needed, into a national GWIS. Using the same coordinate system for all wells within the region would then lead to the establishment of a regional GWIS. 

(c) Training of national professionals in all aspects of data collection, data management and presentation, evaluation of ground water resources including mathematical modeling.

(d) Preparation of various thematic maps covering, but not limited to, the extension of the Nubian Sandstone Aquifer, ground water quality (for public supply, irrigated agriculture, industrial use), piezometric head distribution, use of water, etc.

(e) Technical guidelines and specifications for drilling, construction, development, and testing of wells drilled through the Nubian Sandstone Aquifer, with an emphasis on selection of materials and methods for extending wells’ life.

(f) Evaluation of socio-economical indicators, constraints, and incentives that may influence demographic changes and resettlement.

(g) Technical cooperation among participating professional institutions and educational entities in sharing newly acquired knowledge and experience through workshops, seminars, and short courses. 

(h) Identification of specific development project ideas, initiatives, and requests that may fall under the content of the regional technical cooperation. 

(i) Preparation of project documents for development projects to be identified in early phases of the Regional Programme.

(j) Execution of selected development projects using the water from the Nubian Sandstone Aquifer, leading to rural poverty alleviation.

1.4. Cost, Type of Financing, and Financial Plan

Phases One and Two, which would include all work and activities specified above except the execution of development projects, would be financed partly by national governments in cash and kind. The coordination, input of international expertise, organization and conducting training workshops, seminars and courses, would be financed by international funding agencies. It is expected that IFAD would be the prime agency providing financial and administrative support for the Regional Programme.

The cost associated with this Programme for Phases One and Two, and financial plan, are appended to the document in Annex C. The total cost for all the work anticipated for Phase One and Phase Two (coordination; international and national consultants; workshops, seminars and courses; support to national committees and regional commission; equipment and materials; and prefeasibility reports for selected/proposed development projects) would amount to a total of about US$3,500,000. The support in Phase Three (preparation of development projects for implementation, supervision, technical assistance, etc.) could be estimated at this stage at about US$1,500,000. With CEDARE’s overhead of 10%, the total Regional Programme cost could be about US$5,500,000. 

1.5. Methods of Implementation
Several methods of implementation are suggested.

Reviews and analyses of past experiences in developing water and land resources within the Nubian Sandstone Aquifer. This would be done by national professionals, assigned to contribute to the Regional Programme. The reviews would cover technical, economical and social aspects, as well as a pragmatic evaluation of operational and managerial problems encountered throughout the performance of a project. The results, conclusions and recommendations of these reviews would be prepared as official documents of the Regional Programme.

Establishment of GWISs: 

(a) The concept of establishing ground water information systems (GWIS) would be developed, and computer hardware and software acquired accordingly. At this moment, it is clear that a ground water information system would be a part of a larger management information system (MIS). A comprehensive, integrated computer software that creates relational, object oriented ground water data bases and information systems would be selected. Ground water data bases would be one of components of the whole MIS. National institutions selected to be focal points for the Regional Programme would be responsible for bringing their computer hardware, software and human power up to the level required for modern data processing and for establishment of  information systems. International specialists would provide technical expertise if national expertise is unavailable. The GWISs would continue to function, under ever-improving modes years after the Regional Programme has been terminated. The computer hardware and software would inevitably change, but the data collected during the Regional Programme would remain.

(b) International and/or national consultants would organize training workshops on computerized data processing, establishment of information systems, map preparation, and mathematical modeling.

(c) National focal institutions would assign the staff to collect, validate and transfer data into computers. (National institutions would decide on priorities. The ultimate goal would be to have all data related to natural resources within, and developments from, the Nubian Sandstone Aquifer transferred into modern information systems.)

(d) The data entered into dedicated GWISs would be published and used for the preparation of  development projects. 

(e) The data entered into one country’s information system would be made available to other countries. The Regional Nubian Sandstone Aquifer Commission would be responsible for timely and unobstructed exchange of information.

Establishment and maintenance of ground water observation networks:

National institutions would evaluate the existence and operation of ground water monitoring networks. This would be a field work covering observation of water levels, abstraction from wells, and sampling for water quality. The work would start with the major centers of abstraction and development, to be extended throughout the Nubian Sandstone Aquifer. Based on current experience in monitoring levels, abstraction rates, and water quality, the Regional Programme would prepare guidelines  for improving and maintaining the existing monitoring networks, and establishing the new ones. The guidelines would cover human requirements, investment in drilling, and specifications for required equipment.

Preparation of projects for development:

The Regional Nubian Sandstone Aquifer Commission and National Committees would search for or receive development project proposals, and through the national focal institutions would help in preparing and formulating project designs, documents, budgets, methodologies, especially for projects that are of interest to more than one country.

CEDARE, as the executing agency, would act as a liaison between the National focal institutions, IFAD as funding agency, and international investors/donors.

Exchange of knowledge and experience:

Joint meetings of interested parties, including round-the-table meetings, expert group meetings, workshops and seminars would be periodically organized by CEDARE to monitor the progress of the Regional Programme, to guarantee that the technical cooperation among the participating countries is gaining momentum, and to improve general understanding of the development potentials of various parts of the Nubian Sandstone Aquifer.

Assistance during project development phase:

Assistance, through National focal institutions and international consultants, in preparing projects for development, supervision and technical guidelines during project implementation, evaluation of works, backstopping, and reporting about projects to the Regional Nubian Sandstone Aquifer Commission for distribution of information to all participating countries.

1.6. Implementation Schedule
The work that is formulated under the Regional Programme is foreseen to be implemented in phases.

Phase One would include the following:

(
Establishment of national mechanisms (one or more focal institutions, a committee, an authority, or the like) in each participating country to be entrusted with activities formulated under this Regional Programme for their respective country.

(
Establishment of a regional body (authority, administration, commission, network, or the like; in this document tentatively called “Regional Nubian Sandstone Aquifer Commission”) that would be responsible for regional coordination of activities, exchange of information and data, development project initiatives, project developments, and for evaluation of projects that may affect more than one country.

(
Search for data, data transfer into computerized national and regional data bases, and establishment of several comprehensive computerized information systems. These systems would include ground water, surface water, agricultural coverage and ground water abstractions, in a form of relational data bases and accompanying graphical data presentations.

(
Training of national staff in all aspects of data collection, data storage, computerized work with geographic and ground water information systems, including mathematical modeling, socio-economical parameters and models, and the like.

(
Compilation of information about national development objectives and development constraints (constraints on availability of skilled labour, capital, foreign exchange, etc.); as well as information about the status of the environment in the areas where projects would be implemented).

(
An expert group meeting on socio-economics of development and the environment. The objectives of the expert group meeting would be to discuss national development priorities and constraints; successes and failures of past development activities; special considerations to which attention should be paid in the process; methods of public involvement; and means of and incentives for attracting people to new development areas.

Phase Two would include the following:

(
Formulation of new development projects, and preparation of project documents and designs. (Project identification process could be included into Phase One with the output in the form of a list of new and/or existing projects to be implemented, and perhaps a feasibility study of the most recommended projects.)

(
Continuing monitoring of existing projects and updating information systems created under Phase One.

(
Economic and financial feasibility studies, as well as environmental impact assessment, if needed in the formulation of new development projects, and preparation of project documents and designs.

(
Technical, resources and financial sustainability considerations in the formulation of new development projects.

Phase Three would include the following:

(
Implementation of new development projects or expansion of the existing ones, using the data collected in Phase One and project designs, both technical and socio-economical, prepared in Phase Two.

The Regional Programme is formulated as a 5 years programme, with the phases overlapping. The expected duration of the phases of the programme would be one year, two years, and four years, respectively.

Phases One and Two would run concurrently, or with Phase Two starting several months after Phase One. Development project initiatives would be formulated parallel with data compilation, analysis, and interpretation. The formulation of a project would follow a standardized format, such as (1) the formulation of development and of immediate objectives, (2) required activities and inputs, (3) expected and planned outputs, (4) needed staff, personnel, and materials, and (5) projected budget and costs for the project implementation. Phase Three would start as soon as the data are compiled and interpreted, projects formulated, project designs prepared, and sources of financing identified and secured. Some projects, the formulation of which started many years ago, could start after the first year.

Ground water information systems could be established within several months after their inception. Training could be organized almost instantly after this Regional Programme is approved, accepted, and the sources for its financing identified and funding is committed.

2. The Sector of the Programme

2.1. Review of Justification for the Choice of Sector

Ground water in the western desert of Egypt, in the whole of Libya, and in parts of the Sudan far away from the Nile is the only source of water. Since the ground water within the Nubian Sandstone Aquifer is basically a non-rechargeable resource (except in some parts of the Sudan), the development of this resource dictates a specific approach in the planning, design, monitoring, and management of the ground water system. 

A growing population in the region underlain by the Nubian Sandstone Aquifer coupled with the emphasis placed by governments on regional and national food self-sufficiency imposes a strong demand on the efficient and economic development and utilization of the ground water from the Nubian Sandstone Aquifer. Several forecasts of expected population growth within the region are presented in Figures 6 through 9. Using the “low growth” projection by the United Nations, the population in the four countries will double from 87.6 millions in 1990 to about 169 millions by the year 2025.

The Nubian Sandstone Aquifer was selected by the participating countries for the following reasons:

(a) It is the major, if not the only, source of water for sustainable development and  survival.

(b) It is a regional aquifer system which fills several sedimentary basins that are hydraulically interconnected. The regional extension of the Nubian Sandstone is presented in Figures 1 through 3, and one generalized vertical cross section is shown in Figure 10. When development occurs in one of these sub-basins, it may have an impact on other linked basins, depending on its hydrogeological settings, nature, order of magnitude and duration of development.

(c) Some countries have an experience accumulated over long period of exploitation of the Nubian Sandstone Aquifer. An example is the Kharga and Dakhla basin in which a large-scale development started in early 1960s. On the other hand, Libya has recently embarked upon its Great Man-made River project and can benefit from the experience collected in the Kharga and Dakhla projects.

2.2. The Sector in National Plans and National Economies
The three countries (Egypt, Sudan, and Libya) have long recognized the pivoted importance of the basin, as a cornerstone for both rehabilitation and development. Each country, however, has its own objectives towards the development of the portion of the basin underlying its territory, but all have felt the must to develop the basin, though in various degrees and for various purposes. Also, the need to consolidate efforts, through regional cooperation, is becoming imperative nowadays more than ever before. The complexity of the social and economic problems implies the integration of efforts towards exploiting this basin, in order to bridge the gaps in food production, domestic water supply, and many constraints and challenges.

The objectives of the broad plans of development and utilization of the ground water of the Nubian Sandstone Aquifer differ from one country to another, according to the national socio-economic policy of each. In general, the objectives are in line with the recommendations adopted by the African Ministerial Conference on Environment held in Cairo in 1985, which can be enlisted as follows:

(I)
Halting environmental degradation and correcting the imbalance between the population and the resources.

(ii) 
Reaching the self-sufficiency in food, fodder, and firewood production.

Libya. 

Ground water supplies more than 98% for the total water consumption. In early 1970s, it became clear that demand for water would grow at an alarming rate which could not be met from conventional sources alone. The solution was sought by constructing desalination plants, and by treating sewage water. Yet the ground water has the dominant role in all national development plans. The Great Man-made River project is a good example of the importance the government of Libya attaches to the ground water. To satisfy the ever-growing water demand, which is expected to double by the year 2025 from current 5 Bm3/yr to about 9 Bm3/yr for agriculture alone (Figure 11), and being faced with the annual population growth rate above 3%, the government of Libya has made a decision to transfer large volumes (2.2 Bm3/yr) of ground water from the Nubian sandstone and lithologically equivalent formations in the Kufra, Sarir and Murzuq basins to the centers of population along the coast.

Surface water is of minor importance, with the total annual runoff close to 200 Mm3. A glance at Figure 11 shows that this is insignificant in satisfying the water demand of 4.7 Bm3/yr in 1990, not to mention the forecasted demand of 9 Bm3/yr for agriculture alone by the year 2025. Figure 12 compares the growth of population between the years 1990 and 2025 with water requirements for 100% self-sufficiency in food production.

The self-sufficiency will be practically impossible to achieve. Nevertheless, irrigated area will continue to expand at a moderate rate, and by the year 2025 an additional 266,000 ha. are expected to be placed under full irrigation. This alone would require 2.36 Bm3/yr, which is almost equivalent to the quantity of water planned to be conveyed from the desert. In this respect, the development of the Nubian Sandstone Aquifer in the Kufra and Murzuq basins, and its “lithologic equivalents” within the Sarir Basin, forms the cornerstone of any future development plants in Libya.

Egypt. 

The major challenge facing Egypt is the need to better develop and manage the very limited natural resources to meet the needs of a population growing at a rate of 2.5%. The agricultural sector of Egypt is unique as over 95% of its agricultural production is derived from irrigated land where irrigation water originates outside of her borders. Ground water in Egypt is currently abstracted from aquifers within the Nile Valley and the Delta at a current rate of 2.6 Bm3/yr and from several oases within the Nubian Sandstone Aquifer at a rate of about 0.3 Bm3/yr. This latter volume can be increased to about 1.0 Bm3/yr. It is recognized that the Nubian Sandstone Aquifer water is mostly a non-rechargeable source and that its further development would depend on the cost of pumping, on the effect of depleting storage, and on potential economic returns over a fixed period of time.

Availability of water is the critical factor in the national development plans for the western and eastern deserts of Egypt. Within the context of the national development goals, the objectives of the regional development for the region are:

(
Settlement of population away from overcrowded cities of the Nile Valley and Delta, and expansion of productive territory to secure agricultural production necessary to feed Egypt’s rapidly growing population.

(
National integration providing connection of the isolated desert areas with the remainder of Egypt and providing facilities and services in the regions comparable to those of the rest of Egypt.

(
Creation of job opportunities and improving living conditions and quality of life.

The Egyptian requirements of water for the year 2000 call for an additional volume of 20 Bm3/yr. This was planned to be partially provided from the Jonglei Canal (2 Bm3/yr), the improvement of present irrigation efficiency, and an ever-increasing utilization of ground water resources. Several proposed water conservation projects in the Upper Nile sub-basin could lead to an additional 18 Bm3/yr to be shared by the Sudan and Egypt. However, such schemes depend on agreements between the Nile basin countries and on obtaining investments. 

Since the construction of the Jonglei Canal is halted, more emphasis is now placed on the development of ground water of which the Nubian Sandstone Aquifer forms the main source.

Sudan. 

The development of the Nubian Sandstone Aquifer in the Northern Sudan is tied with all national programmes planned to supplement the country’s needs for wheat and legumes. Sudan is currently using some 13 Bm3/yr as its share of the Nile waters. The present national development plan calls for the reclamation of about one million hectares before the year 2000. This requires an additional 15 Bm3/yr of irrigation water. Even with the completion of projects that control the Nile water and the improvement of irrigation efficiency, this volume is hard to provide and, therefore, the Nubian Sandstone Aquifer remains as the most promising source for such large volumes of water.

The Sudan depends primarily on its annual rainfall and the River Nile system for satisfying its water requirements. The recent Sahelian drought, which lasted for more than 25 years, with decreased annual rainfall to about 70% of a long term average, has caused severe damage to the country’s natural resources, impaired land productivity, and caused desertification over a large part of its northern territory. The desert has been progressing steadily during the last 20 years southwards at a rate of 1 to 5 km each year. During the same time period, in the Northern State the creeping dunes have “swallowed” some 240,000 ha. of available agricultural land. At present sand dunes are creeping steadily at a rate of 7 to 29 m each year and are seriously threatening the Nile course itself.

Several project ideas have been formulated in recent years to combat the desertification. The project “Rehabilitation of agro-pastoral communities in Wadi El Mugaddam” was formulated with the objective to help the Hawawir people of Wadi El Mugaddam become self-sufficient and produce surplus food, fodder and energy. The project “Protection of the irrigated agricultural land from wind-blown sand in the Northern Region of the Sudan” is formulated to (a) curb down the present rate of desert encroachment, (b) extend the cultivated areas beyond the Nile strip, and (c) fix sand dunes in the area. The project “Development of Trans-Sahara camel route between the Sudan and Egypt (Darb Al-Arbaeen)” is intended to (a) reduce camel mortality due to inadequacy of water and services on a 1500 km long route to markets, (b) promote regional camel trade and improve economies of the region, and (c) motivate desert nomads to become more interested in camel breeding and marketing.

Chad. 

Water is unevenly distributed in Chad; from arid north, where the Nubian Sandstone Aquifer offers additional or only resource, to tropical south with the annual rainfall between 800 and 1,300 mm/yr. When the population of Chad reaches by the year 2025 an expected 13.8 millions, which is the high projection scenario of the UN, there would still be about 2,750 m3/yr of water available per capita. It is much above the availability of water in the Sudan, Egypt, or Libya. Yet, the area in the north-east, which is underlain by the Nubian Sandstone Aquifer, lies within an extremely dry belt, with less than 50 mm/yr rain. Information about the Nubian Sandstone is mostly missing.

In Table 1, main objectives of development plans for the Nubian Sandstone Aquifer are outlined for Egypt, Sudan and Libya.

Table 1. Outline of the Main Objectives of the Nubian Sandstone Aquifer Development Plans
	
	
	

	EGYPT


	SUDAN
	LIBYA

	1. Settlement of population away from overcrowded cities of the Nile Valley and Delta.

2. Expansion of productive territory to secure agricultural production.

3. National integration providing connection of isolated desert areas with the remainder of Egypt.

4. Creation of job opportunities for unemployed graduates and youth.

5. Rational exploitation of agricultural and mineral resources in the origin.

6. Development of economically feasible industries by public, private sector and foreign investors.

7. Increasing local initiatives and opportunities for development.

8. Protection of land, ground water and other environmental resources from misuse.
	1. Combat desertification in drought stricken areas; Northern Sudan.

2. Mitigation of exodus of population in the desert areas; North and West.

3. Fixation of currently creeping sand dunes threatening the Nile course itself.

4. Development of agricultural and rehabilitation projects in the deteriorating lands due to overgrazing in northern and western Sudan.

5. Control of the Camel raising and export to Egypt and Libya through rehabilitating the long desert track, in Darfur and Kordofan.

6. Initiating five green oases along desert and camel routes in northern Sudan.

7. Development of the Nubian basin in Sudan is economically well justified.

8. Exploitation of mineral deposits in Sahara Nubian basin.
	The Nubian basin (Kufra and Murzuq) and the Sarir basin in Libya are considered the most promising water resource for all development plans. This is due mainly to the absence of any other sizable water resource.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.3. Description of the Sector and its Components

2.3.1. The countries’ policy on water resources use
Libya.  Agriculture consumes about 85% of all water. The total irrigated area in the year 1990 was estimated at about 470,000 ha. which represents about 63% of the total irrigable land. Water requirements using the rate of 1,250 m3/yr/capita for food self-sufficiency are shown in Figure 12. The demand for agriculture is expected to reach about 9 Bm3/yr by the year 2025. Obviously such a demand cannot be met, even with additional developments from the Nubian Sandstone Aquifer.

Domestic use is expected to rise from about 255 liter per capita per day (LCD) in 1995 to 345 LCD by the year 2025, at a very conservative 1% annual rate of increase. By the year 2025 the total domestic water consumption would require about 1.8 Bm3/yr supply.

Industry has never presented a burden on total water consumption. Due to strict water quality standards, a number of industrial complexes and petrochemical plants depend for their water supply on desalination of sea water. Food processing and construction material plants, and small industries, still depend on ground water.  The annual water consumption for industrial purposes was estimated in 1985 at 55 Mm3. Based on an annual growth rate of 6% the industrial water demand by the year 2025 could reach about 566 Mm3.

The total water demand by the year 2025 could be as high as 11.4 Bm3/yr.

Since early 1970s steps have been taken and various initiatives and programmes formulated to reduce the water deficiency. These steps are (a) planning new desalination project, (b) new sewage treatment plants, (c) dam construction to prevent water loses to evaporation and uncontrolled flow into the sea, (d) artificial recharge to aquifers, (e) regulation of ground water use, and (f) more realistic pricing of agricultural products and water. Studying the development potentials of huge ground water basins, such as the Murzuq in the south-west and the Kufra and Sarir in the south-east, these basins were given priority in implementation. One schematic cross-section through the Kufra and Sarir basins and another through the Murzuq basin are shown in Figure 13.

The Great Man-made River Project came as a result of many years of studies and monitoring of the aquifer’s behavior in response to water pumping for large scale agricultural development. Hundreds of wells have been drilled during the last twenty years for local irrigation in Sarir, Kufra and at many locations in the Murzuq basin. Total production from these and other wells is recorded on an annual basis. In addition, observation wells in and around the irrigated fields are monitored regularly for the preparation and updating of piezometric maps.

Egypt. The government’s policy for the arid areas of the Western and eastern deserts is to rationally allocate water to various sectors of economy. Priorities have been set to ensure that there would be no conflict among sectors. Economic activities of local importance are given priority, such as mining and tourism industries; the remaining water would be utilized for the rehabilitation and reclamation of potentially suitable soils. The lowest priority in allocating the water is assigned to activities which are not unique for the region, such as industrial services. The allocated ground water to the mining sector is more or less fixed; and the water consumed in the tourism sector is almost insignificant. This leaves the agricultural sector as the largest consumer.

A land reclamation development programme for the period 1992 to 2012 has been set-up as shown in Table 2, giving a total of 116,000 acres to be reclaimed by the year 2012.

Table 2. Land Reclamation Programme (acres). Eastern & Western Desert of Egypt.

	Area
	Reclaimed
	Lands Reclamation Programme

	
	1992
	1992/97
	1997/2002
	2002/2007
	2007/2012
	TOTAL

	
	
	
	
	
	
	

	W.Desert:
	15,000
	-
	-
	-
	-
	-

	
	34,000
	-
	6,000
	6,000
	10,000
	22,000

	Kharga
	30,000
	-
	10,000
	10,000
	15,000
	35,000

	Dakhla
	7,500
	5,000
	5,000
	5,000
	5,000
	20,000

	Farafra
	-
	2,000
	-
	5,000
	10,000
	17,000

	Bahariya
	3,000
	12,000
	-
	-
	-
	12,000

	Siwa
	
	
	
	
	
	

	W.Uweinat
	500
	1,000
	4,000
	-
	-
	5,000

	W.Desert:
	-
	-
	5,000
	-
	-
	5,000

	Liqita

Qena


	
	
	
	
	
	

	TOTAL
	90,000
	20,000
	30,000
	26,000
	40,000
	116,000


In 1988 the national water policy was updated and, among other considerations, the following was added:

“The country decided to start a land reclamation programme of 60,700 hectares annually, an area that requires about one million m3 additional water annually.”

The government’s water policy up to year 2000 was updated in 1990 again and has, among others, the following reference to ground water:

“The present rate of extraction of ground water from the deep aquifers in the eastern deserts can be increased from the present level of 0.5 BM3/yr to 2.5 BM3/yr by the year 2000. Extraction from the Delta and Valley aquifers will be increased from 2.6 to 4.9 BM3/yr by the year 2000.”

The Sudan. The national policy which is greatly dependent on the availability of adequate water supply is streamlined around two major goals, which are in the same time the development goals of the entire Regional Programme:

(
Halting environmental degradation and correcting the imbalance between the population and the resources.

(
Reaching self-sufficiency in food, fodder and wood production.

Desertification has been identified as the process of environmental degradation by which productive land is turned to non-productive and desert like. The areas affected by desertification in the Sudan are extensive and include all types of land use. Due to droughts and shortage of water, the total irrigated agriculture in the Northern States of Sudan has decreased from 420,000 ha. in 1960 to some 100,000 ha. in 1978.

The government programme for agriculture, developed for the period 1988 through 1992, stresses the need to provide incentives to farmers, encourage small holders and private sector, introduce better technology, provide inputs and markets, and improve infrastructures. In irrigated farming the programme gives priority to the rehabilitation of existing viable schemes, better management, the introduction of better technology, and high value crops. For rainfed farming the priorities are the provision of credit facilities, more road and rail services, and improved technology through more research and extension work. The programme emphasized the need to aim at self-sufficiency in wheat as rapidly as possible.

In water sector, the government promotes the principle that agricultural development should be carried out through a balanced use of surface and ground water. The government plans to increase agricultural developments by utilizing more fully the ground water from the Nubian Sandstone Aquifer.

2.3.2. Data on water resources, data management, and information gaps 
Egypt
Inventories of wells and abstractions from the Nubian Sandstone Aquifer show that in 1994 there were 1,417 wells in four major centers of exploitation (Figure 14): 185 in Kharga, 776 in Dakhla, 430 in Bahariya, and 26 in West Mawhub. Figure 15 indicates that the abstraction pattern in the Kharga and Dakhla oases has been kept rather constant in the last 15 years: 788,000 m3/day in 1980 and 908,000 m3/day in 1994. Considering the number of wells, large abstraction volumes, and long period of development, it is clear that there is a large amount of information on ground water coming from the Nubian Sandstone Aquifer. These projects would benefit from comprehensive, integrated and relational ground water information systems. 

The following information gaps related to water resources have been identified in the Regional Programme preparation documents:

(
Insufficient number and scattered location of observation wells, resulting in nonuniform distribution of information.

(
Characterization of aquifer based on insufficient number of field tests, resulting in localized information on aquifer parameters.

(
Diversity of studies with almost no common boundaries, making decisions on regional development rather difficult.

(
Problems in accessing “across-the-boundary” information, complicating the aquifer simulation process.

(
Inadequate monitoring of wells and aquifers.

(
Insufficient information on land fertility, soil porosity, general physical environment, moving sand dunes, summer temperatures, crop and animal production, and marketing.

In general the area underlain by the Nubian Sandstone Aquifer is lacking a proper data base system upon which future investigations and development strategies would be based.

Libya
Information on ground water and related data (on agriculture, rainfall, surface water, and water quality) is normally contained in reports prepared by international and national consulting companies (drilling, progress, and completion reports). The data are mostly located in the Documentation Center of GWA, with card indexing according to authors and geographic areas. However, plenty of information and data could be found in paper file archives of various governmental organizations. GWA inaugurated more than 20 years ago, a ground water resources indexing system, called Water Resources Inventory Card. The numerous cards contain summarized information on well construction, water quality, water levels at drilling times, location sketch, hydrogeological parameters, etc. These cards could be an initial source of information in creating a GWIS.

An observation wells monitoring network of 44 wells exists in the Kufra area to monitor the effect of pumping from deep and shallow aquifers.  The information is processed as piezometric  contour maps (four times a year), drawdown maps, and hydrographs for each observation well.

The observation network in the Sarir area consists of 47 wells tapping shallow and deep aquifers. Their depth range is from 67 to 457 m. Monthly data are available for the South and North Sarir agricultural projects since 1974 and 1980, respectively. 

The volumes of water abstracted from 102 production wells in the Kufra Production Project, from 83 production wells in the Sarir North, and from 168 wells in the Sarir South are recorded on monthly basis.

There is also a numerous volume of chemical data on ground water quality in the Kufra and Sarir well fields.

All these data are currently being transferred into personal computers. However, considering the vital importance of the ground water developments in the Kufra and Sarir basins, there is an urgent need to establish comprehensive and integrated ground water information systems for each of major centers of development. GWA needs adequate computers, computer software, and trained human power. 

The Sudan
Detailed studies on the Nubian Sandstone Aquifer in Sudan are rather isolated and limited to those parts where ground water is developed for agricultural purposes. These parts represent a small portion of the aquifer’s gross area and results thereof cannot be extrapolated elsewhere. 

The origin of ground water and the source and volume of recharge to the Nubian Sandstone Aquifer are the most controversial issues at the current status of knowledge. Similarly, the information about areas and volumes of natural discharge of ground water from the aquifer is very much contradicting. It appears that the natural losses by evapotranspiration from sabkhas, lakes and springs are much greater than volumes that are abstracted from the aquifer by means of wells. 

The number of wells drilled through the Nubian Sandstone Aquifer in the Sahara-Nubian basin is 60; there are also about 60 hand-dug wells in the same basin. The total discharge from all wells is estimated at maximum 40 Mm3/yr. On the contrary, in the Nile-Nubian basin (Dongola) there are some 2000 dug wells, 5700 driven wells, and 50 drilled wells. Their total abstraction, mostly in winter time, amounts to about 400 Mm3/yr. About 100 drilled wells are producing close to 100 Mm3/yr from the Nubian Sandstone Aquifer in Khartoum and Northern Gezira sub-basin.

In the Khartoum-Dongola sub-basins alone, about 150 pumping tests were carried out during various phases of ground water exploration. 

Information gaps have not been explicitly identified during the preparatory phase of the Regional Programme. It is believed that the data are available in various governmental institutions. It is also expected that there is a need for (a) a comprehensive ground water information system, (b) analysis and re-interpretation of data, (c) establishment of adequate monitoring systems, and (d) the use of data for the formulation of future development projects.

3. Background of Programme

3.1. Choice of Region and Name for the Regional Programme

The Nubian Sandstone Aquifer is considered to be one of the most important ground water basins in the whole world. Its large extent across the borders of four African countries, namely Egypt, Sudan, Libya, and Chad, along with the huge ground water reserves stored in its various water bearing formations, makes it vital for economic developments in these countries which are, for most of their surface, subject to extreme arid conditions.

The term Nubian Sandstone has been the subject of long and vehement discussions. It was introduced into the stratigraphy of the region in 1827 as “Nubischer sandstein.”  The term Nubian Sandstone was and still is widely used for the Paleozoic and Mesozoic sandstones of uncertain age covering some 5,000,000 km2 in North Africa and the Arabian Peninsula. In Egypt, the term Nubian Sandstone refers primarily to sandstone beds of Upper Cretaceous which are widely distributed over the southern part of Egypt and Northern Sudan.

In Libya, the term Nubian Sandstone is now giving way to more precise definitions of various stratigraphic successions, yet the term is still popular among hydrogeologists. The two major aquifer systems in the Murzuq and Kufra basins are referred to as the Nubian Sandstone Aquifer.

In Sudan, what was formerly referred to as the Nubian Sandstone is now divided into Wadi Howar and Kababish formations of Upper Cretaceous and Jabal Abyad Formation of Lower Tertiary.

For the purpose of the present Regional Programme, the term Nubian Sandstone Aquifer is implicitly applied to clastic sedimentary strata of which the age cannot be defined beyond doubt and which are overlain by Late Cretaceous or Early Eocene transgression in North Africa or which are thought to be older.

3.2. Regional Projects in the Past
The importance of ground water potentials of the basin occupied by the Nubian Sandstone has long been recognized. Since 1970s this huge basin has become a subject of regional investigations spanning more than one country. The first multi-disciplinary and regional project, carried out by the scientific mission of the Berlin Technical University, was entitled “Geoscientific Problems of Arid Areas,” and was operational since 1976 in Southern Egypt and Northern Sudan, and previously in Libya and Chad. The results were periodically published in a series of books and papers titled “Berliner Geowiss. Abh. (A), Klitzsch et al. (1984, 1987, 1990).

The second project was sponsored by the United Nations and was entitled “Transnational Project on the Management of Major Regional Aquifer in North-East Africa.” The project, financed by the UNDP and UNEP during the period 1982-88, covered an area of about 200,000 km2 in Northern Sudan and Southern Egypt. The results of the studies were published as the UNDP reports (1987, 1988, and 1989).

Ever since 1989, various attempts have been made to bring together many national initiatives and to formulate a Regional Programme for further studies, development, utilization, and management of the Nubian Sandstone Aquifer. The UNDP financed a project development mission in 1989 to identify and formulate a regional project for the development of the Nubian Sandstone Aquifer in Libya, Sudan and Egypt.

3.3. Geography of the Region
Extension

The Nubian Sandstone Aquifer underlies an area in excess of 2 million square kilometers within the Eastern Sahara in North-East Africa (Figure 1). The area occupied by the aquifer extends between latitudes 15o and 25o North and longitudes 20o and 35o East.

In Egypt, the Nubian Sandstone Aquifer occupies an area of about 650,000 km2 in the Western Desert, including the area known as Wadi El Gedid (New Valley), with its several ground water basins at the oases of Kharga, Dakhla, Farafra and Bahariya. The Eastern Desert and Sinai contribute additional 200,000 km2.  In Libya, the Nubian Sandstone Aquifer underlies an area of 650,000 km2 in the eastern part of the country including the Kufra, Sarir and Tazerbo basins.  In Sudan, the aquifer underlies about 750,000 km2 and extends over most of Northern Darfur, Northern Kordofan, Northern Gezira, the Nile and the Northern State.  In these areas, the aquifer fills two major ground water basins namely the Nile-Nubian and the Sahara-Nubian. In North-East Chad, the Nubian Aquifer or its continental calcareous equivalents, underlies about 100,000 km2. The extension of the Nubian Sandstone Aquifer is shown in Table 3.

The eastern boundary of the “Nubian Basin” is formed by impervious Precambrian granites and metamorphic rocks. The northern boundary coincides with the interface between fresh and salt water situated north of Siwa and Bahariya oases in Egypt, and terminates in the Sarir basin at sabkhas and depressions along the 30oN latitude and Gulf of Sirte in Libya. The southern boundary is limited by the Nile-Bahr El Arab water divide in Sudan. To the west the Nubian basin extends to Pre-Cambrian Basement outcrops west of Kufra (Jabal Nuqay) and by the Haruj and Tibesti mountains in Libya.

Topography
In general, most lands overlying the Nubian Sandstone Aquifer are flat with a gentle slope towards the Mediterranean. The basin is mostly covered by vast deserts, however, several hills appear at high altitudes at the center and peripheral sides of the basin: Tibesti in Libya (3265 m), El-Uweinat in Egypt (1892 m), and Darfur (3071 m) and Kordofan (1460 m) in Sudan. Also several oases and depressions are found within the basin, e.g. Kharga, Dakhla, Bahariya, Farafra, Siwa, Natrun, and Qattara in Egypt, and Kufra and Sarir in Libya.

Physiography and Drainage
Surface drainage within the vast sandy plain underlain by the Nubian Sandstone Aquifer is mostly internal. The Nile River is the only permanent water course demarcating the eastern and southern limits of the basin. The river which starts at the Lake Plateau and ends at the Mediterranean has a total length of some 6,800 km and drains an area of about 3 million km2.  Between Merowe and Dongola in Sudan, the river is joined by three major ephemeral streams, namely: Wadi Mugaddam, Wadi El-Milk, and Wadi Howar. These three wadis drain an area of about 20,000 km2 in Northern Kordofan, Northern Darfur, and the Northern State. These wadis are now mostly dry, except after major rain events.


Table 3. Major Regions underlain by the Nubian Sandstone Aquifer.

	Country
	Region
	Area

(1000s km2)

	Egypt
	Western Desert

Eastern Desert

Sinai
	670

130

50

	
	Sub-Total:
	850

	Sudan

(North of Nile-Bahr El Arab)
	Northern Darfur

Northern Kordofan

Northern Gezira (between Blue & White Nile)

Northern State
	

	
	Sub-Total:
	750

	Libya
	Kufra 

Murzuq

Sarir (Post-Eocene-Post “Nubian” Aquifer)
	

	
	Sub-Total:
	650

	Chad
	 
	70-100

	Total Surface Extent of the “Nubian” Basin


	2,350,000 km2


Climate
Extreme arid conditions dominate over approximately 90% of the area underlain by the Nubian Sandstone Aquifer. Average annual rainfall ranges from almost zero in the vast central part of the basin (Northern Sudan, Southern Egypt, and Libya), to 100-200 mm in the extreme northern and southern limits of the basin. E.g., in Kharga and Dakhla oases the average annual rainfall is 0.8 and 0.5 mm, respectively. Even in Bahariya, the place with the highest recorded rainfall in New Valley, average annual rainfall does not exceed 3.6 mm. Long-term average isohyets are shown in Figure 16.

3.4. Geology

The geology of the Nubian Sandstone Aquifer was the subject of a series of studies over the last 50 years. The regional stratigraphic sequence of what is called the “Nubian Sandstone” has been subdivided recently into lithostratigraphic units spanning the time age from Cambrian to Tertiary. Almost all formations consist of clastic sediments deposited in shallow marine to alluvial environments. The reconstruction, although incomplete and not always conclusive, helped to a great extent in the correlation of various horizontal and vertical successions of the Nubian Sandstone Aquifer in countries sharing the aquifer. 

In Sudan, the regional stratigraphic sequence of the Nubian Sandstone has been subdivided into lithologic formations of Cambrian to Ordovician, Silurian, Devonian, Carboniferous, Permian to Lower Jurassic, Upper Cretaceous, and Tertiary. 

The structural setting of the Eastern Sahara, indicates that the Dakhla basin in Egypt is bordered to the south by a Late Paleozoic to Middle Mesozoic uplifts, forming the Missaha Trough. The trough offers a direct hydrogeological connection between the Nile Nubian basin in the Northern Sudan and the southern inlet of the Dakhla basin. Similarly, effective hydrogeological communication exist between the Dakhla basin and the north-eastern outlet of Kufra basin in Libya. To the south, the Kufra basin is evidently communicating with the Sahara-Nubian basin, north of Wadi Howar in Sudan. The Kufra basin is also connected hydraulically with the Erdi basin in Chad through Paleozoic Sandstones.

The Nubian Sandstone complex in Egypt ranges from Cambrian to Upper Cretaceous, with a thickness varying from less than 500 m to more than 3000 m, and it rests directly on the Precambrian Basement rocks. The surface of the basement rock slopes regionally in northward direction, with a good amount of structural complexities. 

The Paleozoic Nubian rocks are best exposed in the south-west corner of Egypt (El Gilf-El Kebir-Uweinat area), with a thickness of about 1000 m.

The Kufra and Sarir basins of Libya are considered to be two separate basins due to differences in age and deposition environment. In the Kufra basin the water bearing formations are of Cambrian to Lower Cretaceous age with a saturated thickness of more than 3,000 m at the center. They consist of continental sandstones with intercalations of clay and silt. The water bearing formations of the Sarir basin belong to Post Eocene with two major aquifers: (1) Post Middle Miocene (PMM), and (2) Lower & Middle Miocene (LMM) and Oligocene. (Under this Regional Programme both Kufra and Sarir basins are included, considering the vital importance of the ground water stored within both for the economy and prosperity of Libya.)

3.5. Hydrogeology

Origin of Ground Water and Natural Recharge Area
The origin of ground water in the Nubian Sandstone Aquifer is still a controversial issue. One concept is that there is a regional flow of ground water from intake areas to points of discharge. This would mean that the ground water is renewable and that the aquifer is receiving some recharge in intake areas where conditions are less arid. Another concept infers that the bulk of ground water has been “deposited in situ”, that is where the water is currently found as “fossil” water, during the pluvial times of the Pleistocene. The Carbon-14 age dating showing ages between 25,000 and 40,000 years are not conclusive. (Under both concepts the ground water in, e.g., Kharga can be 25,000 years old. It could have been stored as a result of rainy climates that prevailed some 25,000 years in what is today the Kharga oasis. Or it could have traveled from the recharge areas some 400 km to the south-west at an average hydraulic gradient of 0.0005 and hydraulic coefficient of 10 m/day and effective porosity of 10%. Under these hydraulic conditions it takes exactly 25,000 years for the water to travel 400 km.) 

The present recharge to the Nubian Sandstone Aquifer in its intake areas north of the Nile-Bahr El Arab water divide is estimated to be about 1.9 Bm3/yr. There is also evidence that the water currently stored within the Nubian Sandstone in New Valley area is fossil water, between 20,000 and 40,000 years old. Most probably the storage of the present ground water is the result of rainfall infiltration in the Pleistocene time, as well as the natural flow from the distant recharge areas.

Natural Discharge
The natural discharge from the Nubian Sandstone Aquifer is through springs, sabkhas, lakes, and oases in areas where the ground water occurs at or near the ground water surface.

The water from the up-gradient basins flows toward and is discharged in the down-gradient basins. E.g., a portion of the ground water within the Sahara-Nubian basin is naturally discharged through subsurface outflow into the Kufra and Erdi basins, and from the Nile-Nubian basin the ground water flows in the north-eastern direction and is partly intercepted by the developments in New Valley (Figure 17).

Ground Water Storage
The exact volume of the ground water in storage in the Nubian Sandstone Aquifer is still a matter of speculation, as the real geometry and the volume of saturated sediments are not fully known. (The currently investigated areas in each country represent a minute part of the huge regional system.) It is sufficient to mention that the volume of the ground water stored within the Nubian Sandstone Aquifer is huge, between 100 and 200x1012 m3. This is equivalent to discharge of the Nile River for 1000 to 2000 years. Only a minor portion of this huge reservoir can be economically exploited.

Aquifer Characteristics and Quality of Water

The information about hydraulic properties of the aquifer comes primarily from the exploited areas. 

Libya. 

The Nubian Sandstone Aquifer in the Kufra basin has the transmissivity within the range from 300 to 3,500 m2/day, and storativity from 0.015 to 0.0001. The water table is close to ground surface, and the quality of water is excellent. In the Sarir basin, in spite of partial penetration by production wells the transmissivity is in the range from 500 to over 5,000 m2/day. Storativity is between 0.05 and 0.0005. The salinity, expressed as the total dissolved solids content (TDS), of water varies rapidly in both vertical and horizontal directions and ranges from 500 to 2,000 mg/l. However, the salinity is normally increasing from south to north and exceeds 5,000 mg/l at the northern edge of the basin as a result of widespread depressions and active sabkhas. The TDS values of up to 8,000 mg/l are also encountered in the shallow aquifers. 

Egypt. 

The Nubian Sandstone Aquifer in Kharga Oasis has the transmissivity from 500 to 1,500 m2/day; in Dakhla Oasis from 2,500 to 4,000 m2/day; in Bahariya from 900 to 6,000 m2/day; in Abu Mungar and Farafra from 5,000 to 10,000 m2/day; and in East Uweinat from 1,000 to 2,500 m2/day. Storativities in the New Valley oases are within 10-5 and 10-4 range, indicating confined conditions. Piezometric head is either very close to ground surface or wells are flowing. The water salinity, expressed as the TDS, is less than 1000 mg/l in all oases and depressions belonging to New Valley. All this is very favourable for large scale ground water development.

Sudan. 
The values of hydraulic parameters of the Nubian Sandstone Aquifer in Sudan, although taken from about 300 aquifer tests, are not completely representative for the whole aquifer area. Yet they point at variations from extremely productive to poor yielding aquifer. E.g., the transmissivity values range from 100 to 5,000 m2/day, and the storativity range from 0.1 to 0.00001. This last parameter indicates that in some parts the aquifer is under water-table conditions, while in other parts it is confined.

The quality of ground water within the Nubian Sandstone Aquifer in Sudan is good with low TDS. High salinities are found in stagnant zones, in which there is no recharge, and in the area of shallow ground water due to high evaporation.

Ground Water Abstractions
Libya. 

In Phase I of the Great Man-made River Project (GMRP) a total of 2 Mm3/day would be conveyed to the coastal areas from the Kufra and Sarir well fields, each producing about 1 Mm3/day. The Sarir field is completed and is producing currently close to 1 Mm3/day. The wells, a total of 126, are 450 m deep, tapping the Post-Eocene aquifer. The wells are arranged in 3 rows 10 km apart. The distance between wells in each row is 1.3 km and the static water level varies from 60 to 90 m.b.g.l.

Egypt. 

In 1994, the abstraction from 195 shallow and deep wells in Kharga Oasis was about 344,000 m3/day; from 776 mostly deep wells in Dakhla Oasis about 564,000 m3/day, from 430 mostly shallow wells in Bahariya Oasis about 155,000 m3/day; and from 26 deep wells in West Mawhub about 167,000 m3/day. The total is about 1.2 Mm3/day (about 500 Mm3/yr).

Sudan. 
The abstraction from the Nile Nubian basin is concentrated within the Khartoum-Dongola sub-basin. There, some 800 tube wells and about 4,500 dug wells produce about 400 Mm3/yr. The abstraction from the second major basin within the Nubian Sandstone Aquifer in Sudan, the Sahara Nubian, is marginal.

Ground Water Modeling

Ground water modeling techniques, as a method of simulation of the development of the Nubian Sandstone Aquifer,  have been used since 1962. In compliance with huge extent of the Aquifer, some models were regional in nature, covering tens or hundreds thousands of the Aquifer. On the other hand, many models, especially the ones simulating the Kufra basin, were of local nature and used to interpret the results of pumping tests. The modeling process went in parallel with technical capabilities of methods and equipment at the time the models were constructed. In 1960s the modeling was primarily of the analog type, that is the resistors-capacitors type of simulation. In 1970s mainframe computers with very limited memory were used for mathematical simulations. The number of cells, nodes or elements was limited because of the limitations imposed by the computers of that time. In the late 1980s and in 1990s the personal computers took over, and the modeling became a routine work.

The models of the Nubian Sandstone Aquifer span the whole range of surface coverage and sophistication. The objectives of various models greatly differ; from a regional model covering about 358,000 km2 (constructed in 1975), with the objective to analyze the response of the Aquifer to different development scenarios, to a specific model of the Sarir well field in Libya (made in 1994), with the objective to suggest the best scenario for the location of additional 36 deep wells required to maintain the designed abstraction of 1 Mm3/day.

The results obtained from various models constructed over the last 30 years depend to a large extent on the following: (a) geometric boundaries of simulated areas, (b) number of layers simulated, (c) distribution and quality of input data, (d) calibration procedure, (e) objectives of modeling, (f) computer equipment used, and (g) capabilities of applied modeling codes and programs to simulate various ground water system processes.

3.6. Human and Soil Resources
Libya

Within the area underlain by the Nubian Sandstone Aquifer there are three administrative entities: Baladiyat Kufra (with well fields Kufra and Tazerba), Baladiyat Ajdabiya (with the Sarir well field), and Baladiyat Sirt (coastal strip with most of population). All three belong to the Khalij region. The total population of the Khalij region in 1991 was about 170,000, or about 4% of the total population of Libya. The area covered by the Khalij region of about 732,000 km2 makes about 41% of the total area of Libya. The Khalij region is a vast region with scarce population. The population density is only 0.23 persons/km2.

Desert sandy soils are dominant types of soil cover within the Kufra and Sarir projects. The soils are characterized by sandy texture, undeveloped, and without clearly defined horizons. The soils generally contain more than 90% sand grains, with very poor organic matter content. The soil surface is occasionally covered by gravel and pebble. Such a surface is known as “sarir.” This explains the name given to the whole area.

Soil studies at various levels have been carried out within the Kufra and Sarir projects. In the Kufra project, about 15,000 ha. are covered by reconnaissance soil studies and 8,000 ha. by detailed studies. In the Sarir project, about 35,000 ha. are covered by detailed soil studies.

Egypt
The oases of Kharga, Dakhla and Farafra within New Valley are inhabited by about 132,000 people. Urban population is about 50,000 and rural population about 82,000. The population density is estimated at 4.5 people/km2, calculating with the total combined area of the three depressions of about 27,000 km2. This density is reduced to 0.3 people/km2 if the whole area of New Valley is considered (about 458,000 km2). These numbers are extremely low when compared with the population density of the Nile Valley and Delta, which ranges from 1000 to 1500 people/km2, and much above this in major cities of Cairo and Alexandria. Soils in the oases fall between Class A (Mut) and lower classes. It is believed that soils are not the most restrictive factor; the availability of economically-to-produce water is. The total arable area with available water amounts to about 135,000 ha., while the total area available to agricultural production (with or without water) amounts to about 1,500,000 ha.

Agriculture is still the leading economic sector in the oases, although phosphate mining is expected to overcome agriculture by the year 1996. The estimated total income from agricultural production in all oases within New Valley is estimated at Egyptian Pounds 90 million in the fiscal year 1992-93 (at current rate of exchange this is about 26 million US$).

Other than the agricultural activity in the oases, Egypt started in 1970 a large mining activity, that is, the exploitation of pisolitic iron ore at Bahariya. A railway line to transport the ore to a smelting plant south of Cairo was constructed. Also the Egyptian government is considering developing large phosphate deposits at Jabal Abu Tartur, between Kharga and Dakhla oases.

4. Socio-Economic Analysis

4.1. Introduction
The objective of this section is to present a general framework for the socio-economic analysis which would be utilized in the first and second phases of the Regional Programme addressing the development of the Nubian Sandstone Aquifer.

The importance of the socio-economic analysis of  various development projects to be proposed and/or implemented under the Regional Programme cannot be overemphasized. Allocating scarce resources to competing-for-financing projects requires the application of a set of analytical project analysis tools that would enable decision makers to make choices among proposed projects based on various indicators of anticipated success. These indicators have been selected in such a way so as to maximize the benefit to society-at-large as a result of project implementation, while giving special consideration to the interests of people directly affected by the project. 

The most prominent example of such efforts is the fact that virtually all major development agencies now require an environmental impact assessment of some sort to be carried out as a precondition of proceeding with the proposed project. If the assessment carried out reveals that the predicted impacts cannot be mitigated then the project could run the risk of cancellation or major redesign. Similarly,  issues such as the role of women in development projects have grown to the extent that they are considered legitimate concerns in project design and implementation. Moreover, the role of public participation has been recognized as a key determinant of a project success, especially  where rural or poor people are involved.

The issue of resettlement of indigenous people has been brought to the fore by various projects, one of the most notable of which was the example of the resettlement of the Nubian population in Southern Egypt after their ancestral lands were inundated because of the construction of the High Aswan Dam and Lake Nasser. It is now widely recognized by development professionals that involuntary resettlement is to be avoided or minimized.

The above are but a sample of the issues that have become increasingly important and should be considered, parallel with traditional issues, in project design and implementation. This introduction was meant to give a flavor of the types of issues that are proposed to be covered in the Regional Programme.

4.2. Problems, Prospects, and Development Plans

This section will summarize the development plans as reflected by information presented in three country’s reports and in one synthesis report prepared during the preparatory phase. This will form the basis for designing the analytical framework and developing a set of indicators to be utilized in the Programme. It will also serve to highlight the major issues of concern specific to this particular Programme.

To repeat, in broad terms the Programme’s development objectives can be summarized as follows :

a) 
Halting environmental degradation and correcting the imbalance between the population and the resources.

b) 
Reaching self-sufficiency in food fodder and firewood production.

These two  broad objectives were stated in all country reports, in the synthesis report, and various briefs prepared by CEDARE during the preparatory phase of the project.

The three countries involved in the Regional Programme (and Chad to a lesser extent), being part of the hyper-arid northeast African region, share several characteristics that make the issues related to desertification, food security, and population distribution of extreme importance. Following is a summary of issues and constraint pertinent to each of the three countries .

Sudan

The Sudanese country report indicates that desertification is a major issue in Sudan (see Table 1). The scope of desertification is extensive and all types of lands are affected negatively, thus placing a major environmental, social and economic burden on the country and its population and negatively affecting development prospects. The report goes on to state that a major portion of Sudan’ pasture lands are affected by desertification. The estimate presented shows that 198,000 ha. of pasture lands have been turned into desert, representing a total of about 97.5 % of Sudan’s pasture lands. The situation in irrigated lands and rainfed lands is only slightly better, as desertification rates in the two have reached 21.5 % and 74 %, respectively .

Needless to say, these numbers do not speak any good for the future of the country. The ability of the population to produce food, fodder, and firewood is severely hampered. This not only affects food security, but economic security as well. Undoubtedly, negative social effects would be expected to result.

Over the past twenty years Sudan has experienced severe drought conditions that have caused major economic harm and have displaced a large number of the population that went looking for food and fodder elsewhere. In addition, sand creep remains a constant threat to existing lands and has contributed significantly to desertification.

The development plans under this Programme are tied closely with Sudan’s national and regional development plans. While the Egyptian plans are based on opening new areas to settlement with the objectives of increasing food security and employment opportunities, the Sudanese plans are more mitigative in nature. Their general theme, as articulated by both the Sudanese and synthesis reports, is more mitigative than future-oriented. The major objectives of the Sudanese component of the Programme include the combating of desertification in Northern Sudan; the reversing of mass exodus of population in the North and West; the rehabilitation of lands degraded because of overgrazing; and the rehabilitation of desert tracks used for camel trade.

Libya

The vast majority of Libya’s population is concentrated in a narrow coastal strip in the northern part of the country, with the majority of the country being sparsely populated. In contrast with Egypt and Sudan, Libya possesses no major rivers. Thus the importance of ground water development is highly magnified in this case. This sets the Libyan case apart from those of Egypt and Sudan. While the cases of Egypt and Sudan focus primarily on using the water derived from the Nubian Sandstone Aquifer as a tool for local development in a project area (albeit with national and regional implications), the envisioned Libyan development plans as articulated by the reports, are more national in nature and do not appear to include any significant resettlement schemes or any particularly localized effects in the region covered by the aquifer. The water abstracted from the aquifer will be conveyed long distances to other areas in Libya in order to provide domestic water supplies and provide a ready supply of water for agricultural projects throughout the country.

The area covered by the project in Libya (Khalij region) is a vast, sparsely populated area, with on average about 0.23 person/km2. Reasons for this extreme sparsity of population include: scarcity of good soils, harsh climate, and lack of arable land. Limited rainfall has affected the availability of soil cover. Only about 534 km2 are under irrigation. Data presented in the Libyan report indicate that soil quality in the Khalij region is generally poor and unsuitable for agriculture. This limits the agricultural development potential of the region. Thus most plans associated with the national water and land development programmes are aimed at the conveyance of the water resources to be extracted from the aquifer to areas outside the immediate project area, i.e. to the more populated northern part of the country.

What this implies for the socio-economic analysis of the project is that the analysis in the Libyan case should encompass a more national perspective and apply national level indicators, while the analysis in the cases of Egypt and Sudan will focus on both local and national effects of the Programme.

Egypt

In Egypt , 96% of the population lives on 4% of the land, namely the Nile Valley and Delta. Egypt’s population, which currently stands at 60 million is growing at a rate of 2.5% annually. The Nile is the main provider of water resources for the nation, providing approximately 98% of the nation’s water requirements. Egypt’s allocation of the Nile water (55.5 billion cubic meters annually) is currently sufficient to cover demands by various sectors, but with rising demand it is expected that water poverty would be reached by the year 2000.

These two factors (population increase and pressure on water resources) imply that there is severe population distribution imbalance and that the prospect of water poverty lies ahead, thus necessitating that alternate water resources be seriously sought. Population pressure in the Nile Valley have resulted in the heightening of pressure on the limited resources. The urban areas in Egypt are densely populated due to high rates of natural increase and rural to urban migration leading to degradation of the urban environment and urban services, and increasing the pressure on the agricultural  lands near to urban areas .

The population in the area covered by the development projects in New Valley (Kharga, Dakhla, and others) is very sparse. The Egyptian report estimates the population density to be around 4.5 persons per square kilometer. The population density in the whole of the New Valley area (covering approximately half the land area of Egypt) is approximately 0.3 person/km2. The report points out that this figure becomes strikingly significant if compared to population density in the Nile Valley which approaches, on average, 1000-1500 people/km. In fact the total population living in the three major oases of the New Valley is only 132,000. Contrasted with a total Egyptian population, this number appears even more significant. A major portion of the population in the oases (70%) is involved in agriculture at least on a part-time basis.

The future development of the area is based primarily on agriculture. Agricultural development can be based on two types of expansion, vertical and horizontal, the latter requiring the provision of a source of water supply. As mentioned earlier, the total arable land in the oases is approximately 1.5 million hectares, with less than 10% having ready access to water. Therefore, water availability is the major constraint in the face of agricultural development of the area. Land reclamation efforts in the area have been undertaken since the 1960s. This has resulted in the resettlement of a small number of people in the area: 5000 farmers in the 1960s and 1970s, as well as around 800 new graduates in the 1980s.

The scope of resettlement, primarily from the Nile Valley, remains small and could not be expected to alter dramatically the population situation in Egypt. However, any import of labour, primarily from the Nile Valley, would create new communities in the area, introducing new customs, social norms, and lifestyles. The small number of inhabitants now in the area could run the risk of becoming overwhelmed by the introduction of a large number of migrants amongst them. Their existing lifestyle, social norms, cultural heritage and land ownership structure could all be affected. These are primary issues to consider in any project design involving resettlements and migrations. Other issues to consider include cultural differences, public health impacts, social service infrastructure, physical infrastructure, etc.

The introduction of a large number of people to an area would spur a new economic structure. Presumably, increased economic activities would create new employment opportunities and result in a rise in average income of the region. Depending on what type of development pattern that would develop, the mix of professions and skill levels would vary. For instance, if the area remains predominantly agricultural, then a rural economy, with a rural lifestyle would emerge. If agro-industries would develop, another form of job opportunity would be created, and as a result a class of blue collar workers would form. If tourism or mining were to develop in the area, other types of opportunities would be available, and so on. Each of these development scenarios implies a different set of results, and thus implies a different set of socio-economic outcomes.

Taking the scenarios a step forward, we could predict that whatever types of society develops in the area, a service sector would have to exist to cater to the needs of the new population. Thus shops, clinics, schools, mosques, churches and other service establishments would be founded. The quality and availability of such establishments would play an important role in the development of the region since they could act as a magnet for potential settlers. The major economic activities available in the region, in addition to available services, added to such quality of life issues, such as basic infrastructure, cost of living, environment, climate, crime rate, etc. are all factors to be considered by  potential settlers in making decisions on whether to settle in the area or not. This is what necessitates that these factors be explicitly considered in designing development projects.
4.3. Major Socio-Economic Issues to Consider 

Embarking on an ambitious programme such as this one, which at its end would formulate and prepare for implementation several projects identified as having good chances of success, would require a very careful consideration of potential impacts of various projects on standard of living of affected population.  Of course, a full impact assessment would have to be conducted for each project.  The assessment would incorporate environmental, economic, health and social aspects.  In addition to the issues typically included in such an assessment, special  attention would have to be given to a set of particular issues that are unique to the Nubian Sandstone Aquifer region.

What follows is a discussion of  key issues that would be considered in the process of formulation and designs of individual projects.  This list is by no means comprehensive, but presents what is considered to be cross-cutting issues worthy of further study because of their potentially serious implications on the eventual success of the Programme.

Poverty Alleviation. 
A major goal of any development plan (whether stated explicitly or not) would be to raise income levels.  However raising income levels and poverty alleviation, because of vast income differentials, are not synonymous in many cases.  Hence, poverty alleviation in the project area would be made an explicit component in the design of the project.

Socio-economic surveys of the subject populations for example, would be conducted in order to ascertain the existing levels of poverty.  The results of the study would then serve as a basis for designing project components aimed at tackling the poverty.  In rural areas much of the existing poverty could be linked to lack of adequate access to land and other natural resources. Improving access is a step toward combating poverty.

It is generally agreed that the increased availability of irrigation water is a step toward combating poverty since it makes farmers produce more food, raise their income, and make food prices more reasonable for the rest of the population.  Since the poor spend a larger portion of their income on food, they also benefit mostly from lower food prices.

Income distribution. 

It is a characteristics of most developing countries (the Regional Programme countries are no exception) that large income differentials exist among the population.  These income gaps could further be exacerbated with development programmes that do not adequately address equity concerns.

Property Rights. The issue of property rights in both land and water could potentially be a crucial issue in this Programme. The indigenous population in the area to be covered by the Regional Programme may have a property rights system that varies widely from that of the rest of the country.  This should be taken into consideration.  Also, the issue of tenure security would have a direct impact on the development outcome of the Programme.  It is widely accepted that farmers with more secure tenure are more willing to invest in  improving their lands and are hence more productive and enjoy a better standard  of living than their colleagues with no or little tenure security.  Farmers with more secure tenure adopt a lower discount rate and are thus more willing to make longer term investment and are more likely to plant trees, something which this Programme is interested in promoting to combat desertification.

Another related issue related is the ownership of tubewells. Tubewell ownership is a way to guarantee constant access to water resources and goes a long way toward the alleviation of poverty.  However, the ownership of tubewells is governed by several factors including the depth of ground water, technology, prevailing laws, etc. Small holders are not likely to possess sufficient resources to enable them to own tubewells, and would have to get access to water through others, thus putting them at risk of being exploited.  A mechanism needs to be designed in the Programme to enable even the smallest farmer adequate access to water resources. There are several solutions which this Regional Programme would assess, including farmers and water users associations.

Cultural Differences.
Local indigenous populations (albeit small) do exist in the areas to be included into the Regional Programme.  A large influx from other regions into the project area would carry the risk of disrupting the prevailing social patterns of the original residents of the project area.  This would be a risk that would be disproportionately borne by the indigenous population, which could potentially find itself outnumbered by newcomers.

Preserving the cultural and social integrity of the indigenous population is a challenge. It wouls be seriously considered in the formulation of any development project.

Public Health Impacts.

Undertaking a major land reclamation scheme would carry inherently some public health risks.  First, the introduction of pesticides and fertilizer to an area previously free of them could carry the risk of adversely affecting the health of the surrounding population.  Second, increased water availability and the attendant increase in irrigated land area could give rise to the number of water-related diseases.  Finally, emigrants from outside a project area could bring with them some diseases previously unknown to the area.  An example would be a potential for the Nile Valley residents bringing schistosomiasis with them when they settle in new lands in southwestern Egypt, an area where schistosomiasis is not endemic.

Public health measures and health education programs are two ways through which mitigation of those potential impacts could be attained.

Involuntary resettlement.
While it is not clear at this point whether the development projects within the Regional Programme would cause involuntary resettlement of the local population in project areas, this issue should not be forgotten.  It has been the legacy of the past that involuntary resettlement has generally had disastrous results for the resettled population which was known to have suffered tremendous social problems because of the disruption in their lives caused by the move to new, unfamiliar lands. Often, the population was moved to the midst of other more established population, with existing governance structures, economic and legal systems, hence creating potential for friction and making the newcomer feel that they as a group possess less control than when they were living on their own land.  At a minimum, resettled populations should be no worse off after resettlement than they were before.

Public Participation.

It has become recognized by development professionals in recent years that projects involving public participation are generally more successful than those which are not.  The process, while requiring more time and resources, is one that ensures that the envisioned project is in tune with the needs and desires of the various stockholders. The intimate knowledge of the local residents of the details of their area could be quite informative to project designers.  This is especially true in remote areas (such as the ones to be covered by the Regional Programme) where information available through formal means could be insufficient. Participation is important in all phases of the Programme.

Participation programmes should include efforts to bring the various segments of the population into the process, especially those who are normally marginalized by the society.  Women and indigenous peoples are prime examples.  Both groups have unique knowledge and expertise which they can contribute to the project.

4.4. Objectives of  Socio-Economic Component of the Programme 

In broad terms, the Regional Programme would at a minimum incorporate the following objectives covering socio-economic issues:

*
Promoting human development.

*
Combating poverty.

*
Closely monitoring demographic dynamics and sustainability.

*
Protecting and promoting human health. 

*
Promoting sustainable human settlement development. 

*
Integrating environment and development (with special emphasis on human 
development) in decision-making.

*
Integrated approach to the planning and management of land resources.

*
Promoting sustainable agriculture and rural development. 

*
Application of an integrated approach to the management of freshwater resources.

*
Recognizing and strengthening the role of indigenous people and their communities; and

*
Encouraging and fostering public participation in all phases of the project. 

4.5. Indicators for Guiding and Monitoring Development Projects

In order to actually measure progress toward the attainment of the goals of the project, a set of socio-economic indicators would be developed.  These indicators would be updated regularly during the project implementation period and beyond.  The  indicators would provide the yardstick with which to measure the progress.  They would provide decision-makers with a way to make changes and fine-tune the work being undertaken in order to render it more effective. The absence of indicators would make it difficult to make modifications quickly.  It is also proposed here that the following set of criteria be utilized in selecting the indicators.  The selected indicators would be:

*
Relevant to the main objective of measuring progress toward sustainable development covering economic, social institutional and environmental aspects.

 * 
Understandable, clear, simple and unambiguous.

*
Tailored to the needs of the region and realizable within the capacities of national governments in the region in terms of technical capabilities and costs of measurement.

*
Dependent on data that is readily available, adequately documented and updatable at regular intervals.

*
Comparable with common indicators and standards used at  international level.

*
Usable at both national and subnational levels; and

*
Verifiable and analytically sound.

5. Details of the Programme
5.1. Programme Implementation

5.1.1. Components of the programme

The Regional Programme would comprise the following components:

(1) Consultant Services - Regional Coordinator. The Programme would finance the services of  a highly qualified international consultant to act as a Regional Coordinator to assist in all phases and all activities of the Programme. For the budgeting purposes it is expected that the Regional Coordinator would spend about 4 months each year working on the Programme, that is for a total of about 20 months. 

The Regional Coordinator would, inter alia, advise CEDARE and assist members of National Committees and Regional Commission in: organizing workshops, seminars, and short courses; preparing training programmes for selected national staff; running training courses; developing computerized ground water information systems; formulating studies and reports to be undertaken by the Regional Programme, and in evaluating studies and reports to be prepared by the Programme; and monitoring the progress of the regional cooperation among participating countries.

(2) Consultant Services - Specialized Consultants. The Programme would finance  the services of several consultants specialized in: (a) social and economical evaluations; (b) computerized data information systems; (c) agricultural and farmer organizational support; (d) modeling of ground water systems; (e) establishment of ground water quantity and quality monitoring networks; (f) remote sensing, aerial photography, and satellite images processing; (g) soil studies and evaluations; (h) planning work programmes and budgets,  (i) developing computerized project management systems for major development projects (e.g. GMRP, New Valley agricultural projects, etc.); and (j) preparation of feasibility project reports for identified, proposed or selected development projects. It is estimated that about 90 person-months of international and national consultancy services would be needed over the 5-year Regional Programme period.

(3) Studies and Investigations. A number of special studies and investigations would be needed for monitoring, planning and supporting present and future ground water developments. Here below is an incomplete list of special studies and investigations related to ground water, socio-economic and community development that could be financed under the Regional Programme: 

(a) assessment study of the current situation in all four countries with respect to data and information currently available; and requirements for establishing ground water information systems (data, human resources, equipment, software, institutional setup, etc.); the study would recommend the standardization of technical terms, unification of methodologies for data collection, harmonization of evaluation procedures and establishment of data banks with connections to all concerned parties;

(b) evaluation of the present status of development of the basin including existing programmes, plans and regulations; 

(c)
analytical studies, supported by newly established information systems and modeling, intended for the identification of development potentials;

(d)
assessment study of the currently operational water-level and water-quality monitoring networks in major ground water development areas;

(e) assessment study of evolution of water levels (piezometric heads) as a result of abstractions in major ground water development areas;

(f) 
specialized technical assistance for drilling investigations, well construction and screen design to prevent well sanding; casing, screen and pump corrosion; and clogging of well;

(g)
socio-agro-economic benchmark survey for current and future major development areas;

(h) 
assessment study of problems associated with desertification and moving sand dunes;

(i) 
assessment study and investigation of the Darb El Arbaeen Camel Route for the preparation of a project proposal;

(j) 
assessment study of the currently operational artificial recharge schemes; stability of recharging dams and reservoirs;

(k) 
evaluation study on the use of satellite imagery and remote sensing in defining major ground water basins, interrelationships, map preparation, etc.; and specialized technical assistance for the promotion of these techniques;

(l) 
environmental impact assessment studies in selected areas; and

(m)
comprehensive study on the strategy for future ground water development projects.

(4) Training. The Regional Programme would finance training of national staff. The training would be provided by Regional Coordinator, and international and national consultants in the following: 

(a) Establishment of local (project-oriented), national (country-oriented) and regional ground water information systems. This would include training in using selected software, in working with computer hardware (computers, printers, digitizers, scanners, etc.), in designing data base structures, learning to retrieve the information, and much more.

(b) Planning and design of tubewell systems, preparation of bid documents and bid evaluation for procurement of works and goods.

(c) Work with GIS in preparing thematic, ground water and agriculture use maps.

(d) Training in preparation, calibration and operation of mathematical models of ground water systems.  

(e)
Training in irrigation techniques, farmer organization, on-farm water management, and other related activities and procedures for agricultural technicians.

(f) Preparation of environmental impact assessments (EIA), development of local and national criteria, making EIA project and country sensitive.

The training of the national staff would include in-country training (in CEDARE as a centralized training, or in participating countries for staff from one or more countries), and foreign study tours and fellowships. Farmer training would include special short courses at agricultural subcenters, organizational meetings to promote public awareness, and field demonstrations on farmer’s land.

(5) CEDARE’s Logistics Requirements. The Regional Programme would finance computer equipment, software, office equipment, vehicles, etc. required  for smooth coordination and organization of various activities anticipated to be a part of the CEDARE’s mandate.

(6) Regional Coordination. The Regional Programme would finance the activities related to the coordination of all Programme activities among participating countries. At this stage it is anticipated that the Regional Nubian Sandstone Aquifer Commission (RNSAC) would meet at regular intervals every three months in another country.

(7) Strengthening National Institutions. The Regional Programme would finance the strengthening of national institutions either directly, by supporting professionally and financially foreign training of selected staff, or indirectly, by organizing various training activities and consulting service.

(8) Identification of Development Projects to be implemented under Phase Three of the Regional Programme. Throughout Phases One and Two the Regional Programme would be on search for proposals, initiatives, and requests for developmental projects. The preference would be given to projects that (a) benefit more than one country, either directly by sharing the resource, or indirectly by sharing the experience and knowledge; or (b) benefit poor population to improve their social and economical well being.

(9) Feasibility Studies for identified developmental projects. The Regional Programme would finance the elaboration of feasibility studies and reports for developmental projects submitted to the Regional Commission and/or National Committees. 

(10) Supervision of projects’ development and continuing technical assistance throughout Phase Three. The Regional Programme would provide and finance the technical assistance, back stopping, follow up, revision of projects during the project implementation phase (Phase Three); dissemination of information and data of importance for regional cooperation and exchange of experience. This activity would include the organization of regional workshops and/or expert group meetings for each major development project. 

5.1.2. Implementation Schedule

The Regional Programme is expected to start by the middle of 1996 and is planned for implementation in five years. During the first two years (Phases One and Two), the Programme would concentrate on: 

(1) the creation and establishment of regional and national coordination bodies; 

(2) various assessment studies and investigations to (a) understand better the needs for regional cooperation, (b) evaluate current practices in developing the Nubian Sandstone Aquifer, (c) re-interpret the hydrogeology and geology of the Nubian Sandstone Aquifer, (d) evaluate the historic evolution of water levels (piezometric heads), and problems associated with the development of the Nubian Sandstone Aquifer; 

(3) establishment of ground water information systems; 

(4) establishment of socio-agro-economic data bases and information systems; 

(5) training in various activities of local, national and regional importance; and 

(6) conducting specific scientific research, such as on the use of remote sensing and satellite imagery techniques in evaluating boundaries of, and resources within, the Nubian Sandstone Aquifer;

(7) preparation of thematic maps, such as water quality, potentials for development,  piezometric maps, depth to water in wells (before and after extensive abstractions), etc.

(8) collection or preparation of project ideas, requests, initiatives and proposals for implementation.

The last three years, or earlier if some projects could be identified and project documents prepared for implementation, would be spent on the implementation of projects. The role of the Regional Programme as formulated in this document would not terminate with project identification, feasibility study and submittal of project documents for considerations for financing and funding. For the projects under implementation, the Regional Programme would offer assistance in monitoring the project, back stopping if necessary, providing specialized consulting services in advisory capacity, and the like.

The bottom lines of the Regional Programme are: (1) the regional cooperation, (2) the training and institution building, (3) the establishment of comprehensive, complete, and well integrated modern information systems, and (4) the formulation of development projects and their implementation.

5.2. Arrangements for Implementation
5.2.1. Organization and Responsibilities

CEDARE, in close cooperation with the Regional Nubian Sandstone Aquifer Commission (RNSAC), would have overall responsibility for implementation of the Regional Programme and would be the executing agency for all components of the Programme. It would be a liaison with IFAD and other international institutions and donors which would be co-financing the Programme. CEDARE would be responsible for all financial activities, disbursement of payments, procurements and delivery of services, equipment and goods. The Regional Coordinator would report to Executive Director of CEDARE, to RNSAC, and to National Committees.

The RNSAC, to be upgraded from the current Nubian Aquifer Joint Commission, would be responsible for consolidating assessment, research, investigation and other efforts within the region; for making data and information from one country freely available to other countries; for receiving, formulating and proposing development projects of national and regional interest; for monitoring and modifying Regional Programme activities and making them beneficial to all participating countries. 

National institutions in each participating country would be responsible for (a) consolidating activities within their country; (b) making staff available for conducting a specific assessment study, investigation or research; (c) assigning staff to undertake training within the country or abroad; and for (d) preparing development projects’ ideas, formulations, designs, etc.

5.2.2. National Institutions - Focal Points for Programme Implementation

Egypt. 

The Ministry of Agriculture and Land Reclamation is the authoritative agency. However, the responsibility in regards to the development of the Nubian basin is being transferred to the Ministry of Public Works and Water Resources.

The focal national institution in Egypt would be the Research Institute for Ground Water (RIGW), which is one of 11 research institutes of the Water Research Centre (WRC). Established in 1975, RIGW is entrusted with the planning and implementation of ground water projects in Egypt, aiming at increasing the contribution of ground water to water and food security programmes. RIGW initiated a management and legislation system for the protection of ground water from degradation together with controlling the environmental impacts of ground water projects. The original organizational structure of RIGW shows four research divisions: (1) hydrogeology; (2) geology, hydrochemistry & environment; (3) planning & evaluation, and (4) research development. This structure has been somewhat modified to take into the consideration geographic distribution of activities (e.g. the Nile Delta, the Nile Valley, and the deserts).

Sudan. 
The Ministry of Irrigation and Water Resources is the responsible agency for the development of the basin, with close cooperation with the Land Use and Soil Conservation Department of the Ministry of Agriculture. Prior to this organization, the National Rural Water Corporation (NRWC) was the implementing agency. It is expected that as a focal institution for the Regional Programme would be selected The Directorate of Non-Nile Water Resources.

Libya. 

The General Water Authority (GWA) is the central body responsible for the various aspects of the basin development. GWA has a head office in Tripoli and five regional branches and offices. GWA is responsible for the planning, study, development, management and implementation of water resources schemes. GWA acts also as a consulting body to all governmental institutions in the field of water resources; it is also the responsible body for regulating water legislations. GWA is entrusted to conduct regional hydrological and hydrogeological studies either nationally or in cooperation with neighboring countries. GWA conducts its activities through five technical departments (directorates): (1) Water Resources, (2) Dams, (3) Irrigation & Drainage, (4) Planning and Follow-up, and (5) Administration & Finance.

In Libya, the Secretariat (Ministry) of Utilities is mainly involved in domestic water supply and distribution, as well as sewage collection and treatment. The Great Man-made River Authority (GMRA) is a newly introduced body (1983) specifically concerned with the GMRP water conveyance project: drilling and construction of wellfields, pipelines, reservoirs, pumping stations and other related works to transport water to the coastal areas for irrigation and domestic use; and operation and maintenance of the water conveyance system.

To conclude, it is expected that the following national institutions would be appointed as the national focal points in this Regional Programme:

(i)
The Ground Water Research Institute of the Water Research Center in Egypt;

(ii)
The General Water Authority in Libya; and

(iii)
The Directorate of Non-Nile Water Resources in Sudan.

5.3. Risks and Uncertainties
It is quite clear that a Programme of such scope, covering a huge region and several countries, with all technical complexities, the varying degrees of development among the countries concerned, and different national priorities, would inherently contain a certain dose of risks and uncertainties. Overall the Regional Programme risks are moderate. At this stage, the following risks and uncertainties could be anticipated.

The delays in establishing the RNSAC and National Committees, and in appointing Regional Coordinator, would slow implementation. 

The Programme component “Establishment of Comprehensive and Integrated Ground Water Information Systems” carries the least risk and uncertainty. It has been singled out as one of principal targets to “close existing gaps in the field of hydrogeology” by Libya, which is in dire need to have a full control over all information related to the development and utilization of the Nubian Sandstone Aquifer. The Synthesis Report of national status reports also recommends that the “establishment of a regional data base is a pre-requisite for the development of the Nubian Sandstone Basin, in order to ensure the accessibility for the exchange of information.” This component could start immediately after the Regional Programme is agreed upon and approved.

The major problem that may be anticipated could be in making the data and information available and shared by “across-the-country-borders” users. The risk here is in connected with the sincerity and openness of the national authorities to cooperate. The success of a regional data base would depend on the information being available from all countries.

The competing development project proposals and requests would require an objective evaluation of their benefits, merits, and integration into the regional strategy of the development of the Nubian Sandstone Aquifer.

The training of national staff in various computer- and/or aquifer-evaluation activities should include the staff from all participating countries. Some countries may already have an advanced staff, well trained and experienced. The other countries may need more training, which then could be provided by national experts from the region. The problem here again could be in the willingness to cooperate.

Prolongation of the current impasse between Egypt and Sudan could also cause delays in the regional cooperation. 

The success of the Regional Programme would be guaranteed if developmental activities would be given priorities while collecting more data and information. The Phase One activities should not be the goal per se, but necessary steps in formulating national and regional development projects to be submitted for implementation. Awaiting data to be completed before starting a tangible development project would delay or postpone indefinitely any meaningful developmental work.

5.4. Monitoring and Modifications
Keeping in mind the long-term benefits expected from the Regional Programme, such as (a) the increase of agricultural production, (b) rural poverty alleviation, (c) generation of job opportunities, (d) desertification control, and (e) reduction of population pressure in urban centers, the progress of the Programme would be monitored to keep the activities within the general framework as requested by the participating countries. It is foreseeable that the needs, activities and priorities on the national as well as on the regional levels may change over the five-year period. 

Monitoring and evaluation under the Regional Programme would cover the following functions: (a) monitor the data and information flow and exchange; (b) monitor the progress of creating ground water and related information systems; (c) provide evaluation of the participation of national staff from all countries in training, data exchange, and sharing experiences; (d) monitor the progress and results of various resource assessment studies, socio-economic evaluation studies, specific investigations, etc.; (e) assure that development project initiatives, proposals and requests are coming from all countries, and that they are within the general framework of long-term objectives set by this Programme to accomplish.

It is admitted that there would be a need to undertake specific research, investigations or studies that are not specified or foreseen at this stage. The RNSAC and National Committees would stand by to react immediately to such requests. The Regional Programme as prepared in this document is not a fixed programme. It is a frame of reference which would be subject to constant modification.

6. Expected Effects of the Programme
The following is expected to result from the Regional Programme:

(a) 
Promotion of inter-country cooperation for the exchange of information and experience.

(b) 
Strengthening institutional capacities of the countries concerned through training, technical assistance and exchange of information.

(c 
Evaluation of the present status of development of the Nubian Sandstone Aquifer including existing programmes, plans and regulations.

(d) 
Identification of development potentials based on analytical studies conducted through the Regional Programme.

(e) 
Standardization of technical terms, unification of methodologies for data collection, and harmonization of evaluation procedures. 

(f) 
Establishment of ground water information systems, shared by and available to all concerned countries. 

(g) 
Integration of socio-economic aspects in the developmental activities; establishment of socio-economic data bases with key parameters as indicators of socio-economic, human resource and community development.

(h) 
Identification of, and proposals for, immediate development activities in selected priority areas; formulation of project objectives, activities, inputs and expected outputs, and project costs.

(i) 
Implementation of selected development projects of national interest and/or of importance for regional cooperation.

The Regional Programme would produce tangible and intangible effects. Among the tangible ones the following would be accomplished:

(a)
Computerized ground water information systems for major current development areas, for whole countries, and for the entire region. 

(b)
Several reports on assessment studies of the current status of developments within the Nubian Sandstone Aquifer, on specific technical (water resource) and socio-economical investigations, a well as on specialized research (e.g., the use of satellite imagery and remote sensing techniques).

(c)
One or more mathematical models of the portions of the Nubian Sandstone Aquifer currently under development using state-of-the-art computer simulation techniques.

(d)
Feasibility reports for selected development projects.

(e)
New thematic maps, created using the GIS and GWIS techniques, with specific ground water information compiled, processed and presented in a usable manner.

(f)
Projects developed through the Programme with the benefits to local and national economies.

Intangible results of the Regional Programme would comprise the following:

(a)
Strengthening national institutions and elevating general level of knowledge in  collection, processing, analysis and interpretation, management and presentation of ground water data.

(b)
Promotion of regional cooperation.

(c)
Standardization of techniques, methodologies, equipment, instrumentation in various aspects of developing a ground water resource: drilling and well construction, ground-water-level and water-quality monitoring networks, mathematical modeling, and the like.

(d)
Identification of local, national and regional requests for development of projects at various scales. These, in turn, would be of assistance in modifying national development plans in the future.
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DEVELOPMENT & UTILIZATION OF NUBIAN SANDSTONE AQUIFER
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1.
Bibliographic Review and Search

1.0.  
General

Overview of bibliography (literature, reports, studies, etc.) dealing with the Nubian Sandstone Aquifer would indicate if there are any technical and/or economic constraints for development. There are numerous reports prepared and compiled over last 40 years on geology, hydrogeology, chemistry, assessment and evaluation of ground water resources within the Nubian Sandstone Aquifer.

The Regional Programme would start, in its preparation phase, with collection of all available reports, graphical and tabular data, including various thematic maps, especially in areas already selected for the continuing or new ground water development.

In essence this activity would include the collection and evaluation of all meteorological, topographical, geological and hydrogeologial data and information available in different organizations, institutions, and companies that carried out field studies, planned for development, and were responsible for the exploitation and management of ground water from the Nubian Sandstone Aquifer within Egypt, Libya, Sudan, and Chad.

1.1.  
Regional Geology

The Nubian Sandstone Aquifer is one of the most extensive ground water basins of the world. This is a complex system of water-bearing layers, more or less hydraulically connected sub-basins, with many structural and litho-stratigraphic features of importance for regional and local ground water flow.

The Regional Programme in its early phase would need to reconstruct and clarify regional geology, especially structures that may control the occurrence and flow of ground water, lithology of individual units, and interconnection in lateral and vertical sense. This activity would be of compilation nature, intended to establish the geological framework for the formulation of regional strategy of ground water resources development. The outcome would be various geological maps (structural, saturated thickness, depth of production zones, etc.), litho-stratigraphical cross sections, correlation between various sub-basins, water quality maps, and more.

1.2.  
Regional Hydrogeology

The activity would start with the collection of reports and review of hydrogeological features of major sub-basins. It would include the assessment of previous mathematical models and their conclusions with respect to the maximum possible amounts of ground water that can be economically and technically exploited in different promising areas.

This activity would comprise the collection and assessment of (a) regional hydrogeological maps, (b) water wells location maps in major production areas, (c) tables and maps with periodic water level measurements, (d) tables and maps with periodic or systematic well discharge measurements, (e) ground water quality data, and (f) hydrogeological parameters that characterize an aquifer (mainly the transmissivity and storage properties).

The information collected in this early phase would be prepared in such a way that would enable the establishment of digitized data bases and ground water information systems.

1.3. 
Water Quality

Ground water quality data as reported in various reports and studies would be compiled, sampling points identified with coordinates (geographic and UTM), and all quality-related data prepared for input into computerized data bases.

1.4. 
Local Hydrogeology

Numerous reports on locally exploited sub-basins (Kharga, Dakhla, Bahariya, East Uweinat, Farafra, and Siwa oases in Egypt; Kufra oasis, Sarir and Tazerba in Libya; and Khartoum-Dongola sub-basin in the Sudan) would be collected and the information contained therein critically re-evaluated. The data contained in these reports would be processed and prepared for input into computerized data bases and ground water informations systems.

1.5.  
Use of Water & Lands

All technical reports and published works dealing with the use of water, irrigation coverage, and agricultural production would be compiled and data processed for input into computerized data bases and ground water informations systems. These data would comprise the assessment and delineation of agricultural areas presently utilizing the ground water resources of the Nubian Sandstone Aquifer and of future plans for agricultural expansion.

2. 
Data Collection & Establishment of Information Systems

2.0. 
General

The establishment of ground water and related information systems is one of prerequisites for an integrated and comprehensive evaluation of water resources and for the preparation of aquifer development and water utilization schemes at any scale. As stated by director of the GWA, Libya “billions of cubic meters of water could be available for various developments if information gaps were filled and provided that modern technologies of GIS and information systems were applied.” These information systems would be created in Phase I of the Programme. 

One or more information systems would serve the following purposes:

( 
Registration and exchange of geological, hydrogeological, meteorological and other data and information from the Nubian Sandstone Aquifer.

( 
Supplying the information and enabling the exchange of technical experience among professionals in the four countries with respect to development and management of ground water resources in different exploitation areas.

( 
Continuous monitoring of the volumes of exploited water in different areas and consequences of such developments expressed in piezometric heads and water quality.

( 
Inventories of the areas of present agricultural and other activities that consume ground water of the Nubian Sandstone Aquifer.

( 
Processing and presentation of all data and information relevant for the understanding of ground water systems within the Nubian Sandstone Aquifer to be linked with:


-  Geographic Information Systems (GIS)


-  Dedicated Ground Water Information Systems (GWIS)


-  Map processing and map viewing facilities


-  Integrated ground water management systems using mathematical models.

The ground water information system for the Nubian Sandstone Aquifer could be created using one of several currently available commercial (proprietary) or public domain software packages. 

One of the recommended packages is the newly developed ground water software package, known as Ground Water for Windows or GWW. This software, which is in public domain, is the United Nations contribution to the ground water data information management. Ground Water for Windows is flexible, user-controlled, language independent (that is, data input forms and reports could be prepared entirely in Arabic, in English, or bilingual), and versatile. The software integrates classical ground water information with digitally mapped geographic displays. The software runs under a standard Microsoft Windows environment (Window 95). The GWW software is object oriented, with each element in the data base being addressed as an object. The program user could create various customized display and reporting formats. Each entry in the data base could be filtered; that is, a large set of information could be reduced to subsets having user-selected attributes or using on-screen graphical search. This “search” function is of importance for efficient retrieval of data from a large region.

The software is primarily intended for the creation of large country-wide or regional ground water information systems (GWIS). Various thematic maps, to be created by the user, become an integral part of the ground water data base. In the case of the Nubian Sandstone Aquifer, separate data bases could be created for each basin or sub-basin, and/or for each country. Such data bases can be either treated independently or merged into one comprehensive ground water information system of the Nubian Sandstone Aquifer. Individual data bases and GWISs for sub-basins could be easily copied and data processed in national institutions or in local projects. Thus the possession and use of data becomes a “non-exclusive” process and information is shared among various users and interpreters.

Within the Arab world, the use of the software has been tested recently in Bahrain, Jordan, Gaza Strip, and Libya. Data from about 3000 wells are stored in the GWIS of Bahrain, and from about the same number of wells in the GWIS of Jordan. The GWIS of Gaza Strip comprises the water level information from more than 200 monitoring wells over the period of more than ten years. There are no limitations with respect to the number of wells to be stored in the system. Yet, for practical reasons, considering the speed of the contemporary personal computers and of data processing, the program can easily handle a data base with 5,000 to 8,000 wells. The software is emerging as an international standard for storage, processing, and presentation of ground water data. 

With the proprietary software under development, GW+, which is an upward-compatible successor to the GWW package, the ground water data could be created and stored in any data base format (such as spreadsheet formats as are used by Excel, Lotus 1-2-3, or QuattroPro; data base formats as used by Access, Paradox, FoxPro, or Oracle; GIS formats as used by ARC/Info, MapInfo, Intergraph, etc.). The GW+ package would read such data bases and import them directly into a ground water information system (GWIS) for data storage, processing, management, interpretation, analysis, and retrieval. This new package would make the handling of data in extremely large sets more efficient and speedy. 

As will become evident from the Programme that follows, a ground water information system would be one of several information systems created for the area covered by the Nubian Sandstone Aquifer. The data from such systems would communicate and would be easily retrievable by one common or “master” software. At this moment the use of ESRI’s ARC/Info GIS package and its map viewing software ARC/View appears to be a preferential choice in other countries that are currently working on creating natural resources information systems.

2.1.
Ground Water Information System (Geology, hydrogeology, water chemistry, abstractions, piezometry, etc.)

The data that would be transferred into a GWIS using GWW, GW+, Oracle or another software package, would include master data (locations, coordinates, elevations, owners, use of wells, etc.), water quality data, hydrogeological parameters (pumping tests), water level data, well logs with lithology and construction details, abstraction (pumping) data, etc. Water quality data time- and depth-dependent would also be stored in such an information system.

The number of production wells within the Kharga, Dakhla, Bahariya, and West Mawhub wellfields in Egypt alone was about 1,417 in 1994. In the Sarir, there are several hundred wells operating under two agricultural projects, and about 150 wells drilled under the water conveyance project (“Great Man-made River Project”).

Considering that earth sciences demand a visual presentation of data, and having  the choice to select from several well established ground water data processing graphical packages, the emphasis in this activity would be on graphics screen displays and printing various graphics formats: maps, logs, cross sections, hydrographs, various chemical diagrams, and the like.

2.2. 
Surface Water Information System

The Nubian Sandstone Aquifer is in hydraulic connection with the Nile River in the Sudan. In spite of heavy abstraction from the near-the-river areas, the induced recharge from the river maintains piezometric ground water heads in the aquifer close to the surface. If found necessary a separate surface water information system would be established for the reach of the Nile contributing to the recharge of the Nubian Sandstone Aquifer.

Some wadis, especially in the northern Sudan, may receive rainfall and surface runoff after heavy rains. If placed under monitoring, the measured data could be transferred into surface water information systems. The water from some intermittent wadis in Libya is used after heavy rains near the coast to artificially recharge a nearby permeable medium (Wadi Caam, e.g.). The information from recharge operations (locations, surface coverage, volumes of water, levels, quality of water, sediment load, etc.) could also be stored in such information systems.

2.3. 
Use of Water, Irrigation, and Agricultural Information Systems

Independent, or stand-alone information systems would be created for parameters such as (a) use of water, (b) surface coverage of water used for agriculture, (c) crop coverage, (d) agricultural production, etc. 

2.4. 
Meteorological Information System

Data on rainfall, evaporation, temperatures, winds, and solar radiation would be stored in a dedicated meteorological information system. These data would be retrieved in maps, tables, and graphs.

2.5. 
Population and Socio-Economic Information Systems

The data on population, and on social and economical parameters are dynamic data. Considering that one of objectives of the Regional Programme is to create a more equitable balance between land and water resources and population, there would be a need to establish a baseline survey of population and socio-economic parameters. This information would be updated with the progress of the Programme. The data would be presented as maps, tables, and diagrams. The indicators listed below are proposed to be used initially to guide design of projects, and subsequently to measure the progress toward achieving project objectives:

(
Basic indicators: population, land area, GDP per capita, GDP growth rate (actual and expected), rate of inflation, life expectancy at birth, adult illiteracy.

(
Population broken down by gender, age group, urban vs. rural, tribal affiliation (when applicable), area of origin (indigenous or non-indigenous).

(
Labour force based on type of work (agriculture, services, tourism, mining, industry, etc.), unemployment rate, composition (by age and gender), skill level (skilled, semi-skilled, etc.), amount and type of training received (vocational, academic, etc.).

(
Production (aggregate figures, actual and projected): agriculture (overall), industry, mining, tourism, services, etc.

(
Structure of production (overall): % of GDP from agriculture, industry, tourism, services, etc.

(
Agriculture: number of people employed; composition of labour force and employment status (seasonal, part time, permanent, etc.); types and quantities of crops produced; agricultural pricing (farmgate prices, border prices, transportation prices, market prices); food sufficiency; food imports and exports; types and quantities of agrochemicals used (aggregate, per unit area, per unit production); national and local production data for major crops; breakdown of crop production budget for major crops (seed, labour, water, etc.); quantities and source of water utilized (per unit area, per unit of crop, etc.); land quality; status of land cultivation (fallow, cultivated, with water, rainfed, etc.); types of cultivations by land area (staple food, other food, cash crops, etc.); size and location of reclaimed land; average landholding; etc.

(
Administrative structure: number and location of administrative units (villages, towns, communities, etc.).

(
Household data: average number of household residents, breakdown of residents by gender and age, average number of working members of household, average household income, breakdown of household budget, domestic facilities, source and availability of potable water, access to sanitation services.

(
Utilities: sanitation, type of domestic services, coverage ratio for domestic service, type of water conveyance system, type and capacity of treatment system, charges (if any), electrical power supply, etc.

(
Potable water: source, level and type of treatment, type of conveyance system, charges (if any), coverage ratio, availability (constant, seasonal, etc.).

(
Educational facilities: number, location, and size of informal educational facilities, primary schools, secondary schools, postsecondary education, vocational training, and enrollment by gender.

(
Education: gross enrollment ratio, student/teacher ratio (primary and secondary), illiteracy ratio.

(
Poverty: poverty line, number of people under poverty line.

(
Health care: facilities, staffing, medications, first aid and emergency facilities, etc.

*
Communication and transportation: television sets, radios, telephones per 1000 households, passenger cars per 1000 people, kilometers of unpaved roads, kilometers of paved roads.

*
Male-Female Gaps (expressed as females as a percentage of males); life expectancy; population; adult literacy (15+); mean years of schooling; primary school enrollment; secondary school enrollment; labor force.

*
Child Survival and Development; pregnant women with prenatal care; infant mortality rate; under five mortality; births; one-year olds immunization; malnutrition; underweight; wasting.

*
Income Distribution: income share of lowest 40% of persons; ratio of highest quintile to lowest quintile.

*
Unemployment: unemployment rate % (total, female, childern 6-14 old, youth (15-24).

2.6. 
Miscellaneous Information Systems

There may be a need to create thematic information systems with data other than the ones foreseen earlier. At the current state of information technology every piece of information could be stored in, and processed by the computer. As an example, environmental information systems could be established integrating water resource component with socio-economic indicators, with agricultural production, and with parameters selected to measure environmental impacts of projects.

3.  
Computer Hardware and Software

3.0.  
General

An efficient work with abundant ground water information could be achieved only with the contemporary top-of-the-line personal computers. At the time this Regional Programme was prepared the Pentium processor running at 133 MHz was the fastest INTEL™ processor available. Since any ground water information system covering the whole Nubian Sandstone Aquifer or its sub-basins would inevitably involve large data bases and would store numerous maps, cross sections, and other graphics, there would be a need to use the fastest-at-the-time-available personal computer system.

Likewise, very sophisticated computer software packages exist today for establishing geographic and ground water information systems (GIS and GWIS, respectively), for making maps in two and three dimensions, for map viewing, for drawing, etc. Many institutions in Egypt, and several in the Sudan and Libya, are equipped with a state-of-the-art computer hardware and software. 

The establishment of dedicated ground water information systems would be an effort that would result in decentralized data sharing. Not only every country within the region but also more than one institution would have access to data bases, information systems, and data. Regardless of the size of information systems, which admittedly may reach multi megabyte size, there would be several ways in which the whole information systems or only data could be exchanged. Under the Regional Programme covering the development and utilization of the Nubian Sandstone Aquifer there would be no exclusive proprietorship of the data.

3.1. 
Hardware

Computers
The specifications for computer hardware near the end of 1995 that would satisfy the requirements of the Regional Programme, are as follows:

-   Pentium (80586) machine, running at speed of 133 MHz.

-   16 MB RAM minimum, recommended 32 MB or more.

-   Local PCI or VESA bus.

-  Graphics subsystem with minimum 2MB RAM on-board; video accelerator and  4 MB RAM recommended.

-   1 GB minimum hard disk capacity.

-   17-inch monitor; recommended 20-inch monitor.

-   3.5-inch floppy drive.

-   CD ROM drive.

-   Modem.

The following explanation is offered.


(1)
It is expected that some GWISs, such as the Sarir, Kufra, Dakhla, Kharga, Khartoum-Dongola, East Uweinat, or any other major well field, will have many hundreds (or thousands) water points (wells, springs, etc.) stored, with many hundreds of chemical analyses, plenty information on abstraction from wells, numerous pumping tests, etc. The pilot Sarir (Libya) wellfield data base, created under a UNDP-assisted project in 1994, is made of more than 200 wells; it has 16 thematic maps created and stored in the system. When fully operational it may store several tens of maps, tens of lithological cross sections, and much more. The time to retrieve a map, or search for lithology or a chemical analysis from such an information system is measured in seconds, or at worst in one or two minutes. The speed is important if the information system is to be used efficiently.


(2)
With today's applications running under Windows 95™ operating system, 8 MB or even 16 MB of RAM just isn't enough any more. Each additional megabyte costs about US$40. To double the memory from 16 to 32 MB would cost about US$640. 


(3)
ARC/Info, GWW, AutoCad, CorelDraw, and many new applications are very much graphics-intensive and memory hungry. To redraw a map or to refresh the screen after some content is added to a map (say, legend, some text, scale, etc.) one needs a good video subsystem. Under the Microsoft™ Windows™ operation system, video performance is everything. No single component has as much of an effect on a Windows system as video adapter in the computer. A very fast video card with 2MB RAM costs about $200; with 4MB the cost is about $350.


(4)
Next to video, hard disk is probably the weakest link in the performance chain. What an efficient information system needs is a good size disk, minimum 1 GB, and fast (13 ms minimum access time). A slow hard disk impacts all aspects of Windows operations - program loading, printing, and even Windows startup.


(5)
For graphics-intensive work a large size monitor is required. ARC/Info and GWW demand 17-inch monitor as a minimum, although 20-inch size is recommended.


Printers
Maps would be printed using deskjet printers (plotters) of A0/A1 size. There are several models and makes currently available, with the Calcomp, Hewlett-Packard, and Roland being the best known and established. Their typical cost is between US$7,000 and $10,000. For best quality and photographic images, dye-sublimation printers of the Tektronix production line are recommended. With 32 MB memory, depending on the printing format they cost from about US$10,000 (extended A4) to US$20,000 (A3).

For daily and routine data retrieval and presentation deskjet or bubble jet printers are recommended. There are many models within the price range of US$300 to US$1500 that could produce very good quality printouts (Hewlett-Packard, Canon, Epson, Fargo,Tektronix) using ink jet technology. A color laser printer also can produce a very high quality of printouts. For an A4 format, its cost is about US$7,000.

Black-and-white laser printers are required for producing reports, basic documentation printouts, various chemical diagrams and tables, pumping test diagrams, hydrographs, and much more. The cost of good laser printers is between US$1,000 and US$2,000. The current standard is 600 dots per inch (dpi) resolution, with enhancements available to produce 1200 dpi.

Scanners

Color scanners are needed for routine ground water data processing work. There are many reports which contain location maps or details that should find a place in a GWIS. E.g., GWW imports drawings from other software packages, such as from ARC/Info or AutoCad, as dxf (Drawing Exchange Format) files. The scanning could produce various graphics formats which could be easily converted to a dxf format and as such imported to GWW/GWIS.

Digitizers
The information from available maps that has not yet been digitized would need to be digitized before it could be imported into a GIS or GWIS software package. There are digitizers of various sizes: from A4 to 2m by 2m. The cost range is from as low as US$300 for an A4 size to more than US$10,000 for large size digitizers. 

3.2. Software

The Microsoft Windows 95™ is the current standard in the work with INTEL-processor-equipped personal computers. Windows NT™ and UNIX operating systems are not so attractive at this moment for some of countries that will participate in this Regional Programme considering that more expensive computer hardware and software would need to be acquired, and special training provided for computer operators. Neither the United Nations GWW, nor its successor, the commercial GW+, software packages are implemented for a Windows NT or UNIX platform.

One of the leading GIS packages is ARC/Info™ from Environmental Systems Research Institute (ESRI), California, USA. It is installed in CEDARE’s computers, and in computers of the focal-for-this-programme national institutions (GWA in Libya and RIGW in Egypt).

ESRI’s map viewing  software ARC/View™ is also available in CEDARE and in the national institutions. 

Ground Water for Windows (GWW) software is available free from the United Nations (New York). The commercial GW+™ software will be available by the middle of 1996 from various software dealers against an estimated cost of US$6,000. The alternatives to GWW and GW+ for establishing ground water information systems are SiteGIS by GeoTrans, USA; SitePlanner by ConSolve, USA; Stratifact by Stratifact Software, USA; Geobase by Earthware of California, USA; and GIS\Key by GIS\Solutions, USA. The cost is from US$5000 (Geobase) to about US$15,000 for GIS\Key and SitePlanner. In their current implementations, neither of these packages creates comprehensive ground water information systems.

4. 
Ground Water Monitoring Networks

4.0. 
General

In every major ground water development area (e.g. Kharga and Dakhla in Egypt, Kufra and Sarir in Libya, and Dongola and Khartum-Gezira in Sudan) a network of monitoring wells has been created parallel with the development. The information collected in monitoring wells was used for (a) understanding of the ground water system behavior, (b) preparing conceptual models of ground water systems, (c) calibration of models, and (d) forecast of aquifer response to future development. It appears, from national country reports, that some monitoring networks have monitored water levels and water quality over a limited period of time. For example, the monitoring ceased in Kharga in 1981, in Farafra in 1978, etc.

On the other hand, the monitoring in the Sarir agricultural wellfields is carried on a monthly basis ever since it started in 1974 in the south, or in 1980 in the north.

One of the immediate tasks of the Regional Programme would be to analyze the information collected from still operational monitoring networks and to recommend (a) the continuation of monitoring; (b) improvements in data collection; (c) technical guidelines for more or less uniform equipment and procedures, considering the new advances in computerization and data transfer into data bases; and (d) the establishment of additional monitoring systems. 

4.1. 
Abstractions

Good data on ground water abstractions are of critical importance for continuing development in presently exploited areas and for the preparation of future development plans.

The Egyptian National Status Report (1994) states that the cumulative abstraction from the Kharga, Dakhla, Bahariya and Siwa oases from the Nubian Sandstone Aquifer started in 1960 at about 900,000 m3/day, with a steady increase from 1975 onwards to reach about 1,900,000 m3/day in 1995. Most of the water is pumped from deep aquifer.

The Sarir agricultural projects and the water conveyance projects from the Sarir, and in near future from the Kufra wellfields, also maintain a good record of pumping rates, amounts, and volumes.

Considering the importance and economic implications of knowing exact volumes of ground water pumped from the Nubian Sandstone Aquifer, these data are normally available and their monitoring should be continued. For an easy interpretation of abstractions and development potentials, these data should be transferred into dedicated computerized data bases. The retrieval and assessment of the information on abstractions is an easy process if the United Nations Ground Water for Windows software is used. For example, the program displays the abstraction volumes for a selected time period, for a selected aquifer system, and for an area delineated with a mouse, by checking on “Aquifer” and “Time Interval” check boxes.

4.2. 
Water Level (Piezometric Head) Monitoring Network

Water level monitoring systems in the Nubian Sandstone Aquifer are not very well developed. Although observation wells are scattered in various oases, no regular and systematic monitoring is in place. Observations are very often made in abstraction wells. In Egypt observation wells are normally located in major oases: East Uweinat, South Kharga, Kharga, Dakhla, Farafra, Bahariya, Abu Minqar, and West Mawhub. In Libya, the major agricultural development projects, such as North and South Sarir, are equipped with water level monitoring wells. Observation wells or piezometers, are separately monitoring the levels in shallow and in deep aquifers.

The Regional Programme would pay an attention to (a) evaluating the currently operational monitoring networks, (b) commenting on equipment used for observations, (c) commenting on expected accuracy of measurements and frequency of observations, and (d) designing new monitoring networks in the areas selected for additional development.

4.3. 
Water Quality Monitoring Network

The quality of ground water in the Nubian Sandstone Aquifer varies from fresh with less than 300 parts per million (ppm) to saline (up to 24,000 ppm). In some developed centers, the quality of water deteriorates with time as a consequence of abstraction, irrigation practices, and leakage from above- or below-lying aquifers.

The Regional Programme would evaluate the distribution of current sampling points, frequency of sampling, and parameters analyzed. All data would be transferred into a dedicated ground water information system. It is believed that most of data are already transferred to some kind of digital storage. The Regional Programme would also suggest improvements in sampling, including new constituents and parameters to be used as indicators of eventual pollution by agricultural practices or water quality deterioration due to abstractions.

5. 
Assessment of Ground Water Resources and Socio-Economic Impacts

5.0. 
General

Each country is continuously assessing the consequences and impacts of development in major development areas. Considering the fact that the Nubian Sandstone Aquifer is a transnational ground water system the possibilities are that an extended development in one country would eventually affect the aquifer in far-from-pumping areas in another country.

Many analog (before 1975) and mathematical models have been constructed in Libya and Egypt with the purpose to quantify the effect of large and continuing exploitation. Typical scenarios included the simulation of huge production (of the order of magnitude of 1x106 m3/day, or 11.5 m3/s) in both Libya and Egypt. The simulated time was as large as 100 years.

The models were often of regional character, covering a great portion of the Nubian Sandstone Aquifer, often greater than 200,000 km2. 

With the networks of observation wells, major projects are constantly monitored. There is a wealth of information which would be re-interpreted under this Regional Programme. The performance of major projects, which are operational since early 1960s in Egypt, would be post-audited. This evaluation of performance of existing projects would add considerably to the knowledge and understanding of the recharge and discharge mechanisms of the Nubian Sandstone Aquifer.

The Regional Programme would pay a special attention to social and economic impacts of development, and would suggest incentives and programmes to invite additional population to resettle. The analysis of successes or failures of social programmes in the New Valley Project would produce certain social and economic indicators for new developments under similar scenarios.

5.1. 
Mathematical Modeling

At the present level of sophistication numerical (mathematical) models are very useful for simulating the complex hydrogeological relationships. Over the past decade, the models have gained widespread acceptance as tools for evaluating, protecting, allocating, and conserving ground water resources.

Mathematical models can be simple, of preliminary nature, intended to establish some basic relationships and quantify a global water balance. They can be also extremely sophisticated, multi-layered, simulating just about every feasible process that may have importance within the framework of a natural ground water system.

With the present generation of powerful personal computers, such as INTEL-processor-equipped Pentium machines, it is not a problem to construct, e.g., a large model simulating 5 layers with 20,000 cells in each layer. 

Modeling Code (Programme)
Almost the entire ground water system of the Nubian Sandstone Aquifer is covered by modeling studies. Several internationally known and validated modeling codes (programs) have been applied, as well as proprietary (company's in-house) modeling software.

It is generally irrelevant which of the three currently prevailing modeling methods one should apply to the Nubian Sandstone Aquifer: (a) finite difference, (b) finite elements, and (c) analytical elements.

The advantage of using a finite element model (FEM) over the finite difference models is in the following. The model boundaries and structural features (such as faults) can be modeled with a smaller total number of cells than in a comparative finite difference model. Also the heads and drawdowns calculated by the model at abstraction points, that is wells and springs, are more accurate than the same calculated by a finite difference model. However, the leading finite difference code, MODFLOW, is much more universal and can handle just about any kind of situation to be encountered in a ground water flow system, except for variable density and salinity of water. The present day generation of computers, notably the Pentium, have sufficient memory and speed to permit the construction of  a multi-layered model with tens of thousands of model cells using a finite difference code.

The MODFLOW code, which is an international standard, well documented and widely used, is being constantly updated, with new modules and new solution algorithms added.

It would be appropriate to select one of the leading modeling codes as a general tool for modeling of the Nubian Sandstone Aquifer, in order to standardize the modeling routines.

The problem with the modeling of the Nubian Sandstone Aquifer lies in boundaries of the ground water system. For many practical reasons the Aquifer can be taken as having an infinite extension. Yet, there are many structural features that influence the patterns of flow. Considering the fact that the Aquifer is not recharged, or that the recharge, if any, is not in balance with the on-going or future-simulated exploitation, the influence of the development may extend hundreds of kilometers beyond the development centers.

Modeling Phases
Whichever model is made and whatever its level of sophistication, each modeling project has to go through several steps. These steps are as follows:

(a) Defining modeling objectives. Before constructing a model, its objective must be clearly defined. A preliminary model of a large basin may be expected to treat different components of the system in simplified terms. An advanced model, as an update of an older and preliminary model, may be expected to become a water resources management tool, which will assist the planners to design and construct water development and conveyance schemes. Such models should be able to, with a certain degree of accuracy and confidence, predict in real terms the impact of large-scale developments.

(b) Developing a conceptual model. The next step is to review all available geological, hydrological and hydrogeological data for the region to be modeled. Based on the conceptual model, an appropriate modeling software is then selected for the processes to be simulated. For example, in a shallow water-table aquifer, in which the ground water may be within the zone in which the evaporation process "consumes" the ground water, the software must be capable of handling the evaporation process. In the Nubian Sandstone Aquifer, except in the Quaternary deposits near some wadi banks, notably in the Sudan, the water table is generally deep and the evaporation process may not be of any importance. In some project areas, the ground water may be in hydraulic connection with the surface water in a river or a flowing wadi. The "induced recharge" process should be correctly accounted for by the selected modeling software. The sandstone aquifer closer to the surface may communicate with the deeper sandstone aquifers. This is a case encountered all over the Nubian Sandstone Aquifer. The communication, known as the leakage through semipermeable layers driven by the difference in potentiometric heads, may become more or less important process contributing to the recharge or discharge from aquifers. The modeling software which cannot handle multi-layered aquifers and the leakage between them, will be of no use in such environments. Once the information on a region is reviewed and data processed and assimilated, a conceptual model of the flow system can be suggested. The real model then either validates the conceptual model or indicates the need for alternative interpretations.

(c) Formulating a mathematical model. Once the conceptual model is formulated, the modeler has to select the most appropriate computer code for simulating the system.  During the formulation of a model, the area to be simulated is discretized into smaller units, cells, nodes, or elements. Each unit demands a value for each space-distributed parameter. In the case of the Nubian Sandstone Aquifer, the parameters are normally the transmissivity and storage coefficient values for confined aquifers, or hydraulic conductivities and effective porosity for unconfined aquifers. The geometry of unconfined aquifers needs to be input, the initial piezometric (potentiometric) heads prepared, and much more. This phase is actually the input data preparation and data transfer into the program. In spite of all sophistication of programming codes, elegant solutions and fancy presentation of results in two and three dimensions, a model is only as good as are the data made available for its construction.

(d) Calibrating a model. Every model needs to be calibrated. This process involves adjusting and readjusting the hydrogeological parameters until the model is capable of reproducing water levels or heads observed in the field (in monitoring wells) over a sufficient period of time. The calibration phase is by far the most time consuming. Yet the success of a model depends on whether a historic past could have been reproduced, or matched, using a certain set of data and assumptions. Only after a good calibration the model can be used as a predictive tool to forecast future. The calibration of a model is usually a two-phase process. First, under steady-state (or time-independent) conditions, an initial configuration of past water levels is reproduced to become a starting point for the second calibration phase, that of unsteady-state or transient calibration. In the Nubian Sandstone Aquifer, considering that the aquifer is of huge extension and that the natural ground water flow is extremely slow due to a no-recharge condition, for the steady state can be taken any period prior to the initiation of large developments. In the Kharga and Dakhla oases of Egypt, this period dates back to early 1960s. In Libya, the abstraction from the Kufra wellfield started in 1970s.

(e) Using a model as a prognostic tool. Once properly calibrated, a model can be used to forecast various future development scenarios, such as "what will happen if the current abstraction continues for years to come," or "how the aquifer will respond if the production is doubled?"

(f) Postauditing a model. With every major ground water development project within the Nubian Sandstone Aquifer already being modeled, and with many years passed since the models suggested the impacts of the development, it is appropriate to check these models by comparing their predictions with ground water levels observed in the field. This is called postauditing of model's results. The postauditing of models constructed for the New Valley project in Egypt, the East Uweinat area in Egypt, the Khartoum-Dongola area in Sudan, the Kufra wellfield in Libya, and others, would be undertaken under the Regional Programme to give more credibility to the current state of knowledge of various components of the Nubian Sandstone Aquifer.

5.2. 
Evaluation of Performance of Existing  Projects
With all data and information transferred into comprehensive and integrated information systems (ground water, surface water, socio-economic, abstractions and agricultural land coverage, etc.) the Regional Programme would, in its second phase, re-interpret the results of the development within major projects. This re-interpretation would, in turn, produce a certain set of parameters and indicators which would be used to evaluate the performance of existing projects.

Of special importance for the success of future development would be to evaluate the impact which such projects may have had on national economies, on well-being of local population, and on political stability in the region.

5.3. 
Social and Economic Impacts, Incentives, Programmes, and Interpretations
The Regional Programme would evaluate the social and economic impacts that the already established development projects may have created, and would recommend incentives and programmes for improving the economy and social status of local population and of new immigrants to benefit from new development projects.

The Regional Programme would conduct basic socio-economic surveys of the target population living within the Nubian Sandstone Aquifer region to ascertain their existing status and to act as a bench mark or reference baseline for measuring the future impact of the various project activities on that status.

Based on the basic socio-economic surveys, the development components of the programme would be tailored taking into consideration the poverty level, differences in income, property rights, land and water tenure, indigenous population, migration, voluntary and involuntary settlement and resettlement, women, community participation, cultural differences, health problems and risks, and much more.

6. 
Training of National Staff

6.0. 
General
The Regional Programme on the Development and Utilization of the Nubian Sandstone Aquifer would use old and well established technologies, but it would also introduce into the region the modern methodologies of data collection, computerized data processing, data analysis and interpretation, leading to the establishment of dedicated information systems.

6.1. 
Computerized Data Processing - General

The training would be provided by national and international consultants in a form of computer workshops and seminars, and as “hands-on” practical experience. The training would include the following fields:

(
Personal computer operational systems (e.g. Windows 95).

(
Data bases and spreadsheet programmes and data formats.

(
Graphical programmes: general purpose and advanced.

(
Data base management concepts and software.

(
Use of printers, digitizers, scanners, Zip drives, and CD-ROMs (with write capabilities).

(
Work with digitizing software.

6.2. 
Work with GIS and GWIS

The training would be provided by national and international consultants in a form of computer workshops and seminars, and as “hands-on” practical experience. An exchange of experience and knowledge from within the region would be organized. The real data from already established ground water information systems would be used. As much as possible the data from the Nubian Sandstone Aquifer would be used. The training would include the following fields:

(
ARC/Info and ARC/View.

*
Dedicated software on aquifer test evaluation, ground water chemistry, well logs, cross sections, and maps.

(
Ground Water for Windows (GWW and GW+).

(
Rockware, Geobase, and other selected ground water data base software.

(
Basics and principles of ORACLE.

6.3. 
Mathematical Modeling of Ground Water Systems

The training would be provided by national and international consultants in a form of computer workshops and seminars, and as “hands-on” practical experience. Also qualified national staff would be sent abroad to attend courses offered at various universities on mathematical modeling of ground water systems. The training would include the following fields:

(
Finite element models: AQUIFEM and other codes.

(
Finite difference models: MODFLOW and other codes.

(
Pre- and post-processing modeling software: Visual Modflow, Procesing Modflow, etc.

(
Analytical element approach and models.

*
Solute transport modeling codes, such as MT3D, to evaluate the fate of eventual contaminants in ground water.

6.4. 
Economic and Social Assessment

The training would be provided by national and international consultants in a form of workshops, short courses and seminars. The training would include the following fields:

*
Making baseline inventories and studies.

*
Interpretation of data from such inventories.

*
Selecting key indicators of development of an area, and comparing them with similar areas.

6.5. 
Ground Water Data Collection, Data Analysis & Interpretation
A workshop is foreseen to deal with practical aspects of ground water data collection, data analysis and interpretation. The emphasis would be on drilling, aquifer testing, water sampling, and instrumentation and techniques. “Refresher” course on well hydraulics, well losses, step drawdown test, etc. would be a part of the workshop. The workshop would be intended for less experienced professionals, or professionals without background in hydrogeology. The training would be tailored in such a way as to cover the “Nubian Sandstone” environment. 

National experience from local projects would be shared. As a result, more uniform guidelines and specifications would be formulated.

7. 
Preparation of Development Scenarios

7.0. 
General

In Phase Two of the Regional Programme, after all data are transferred into computerized data bases, data are re-interpreted, development potentials assessed, and effects of “across-the-border” development quantified, the Regional Programme would embark upon the formulation, design, and implementation of various old or new initiatives, leading to new developments. 

Some of the development initiatives have been already formulated and presented in a more or less preliminary form to potential financing institutions. One “Project Profile” sheet, including background information, project objectives, budget, staff requirements, time frame, and proposed funding institutions and executing agencies, for an already identified development project is appended to this Programme as Annex B. 

The Regional Programme would assist in preparing technical guidance (“blueprints”) for (a) identification of development projects, (b) presentation of project proposals, (c) feasibility reports, and in all steps leading to the actual project approval and implementation. It is foreseen that this would be the main activity of the Regional Programme in its second phase. 

8.
Map Preparation

8.0.  
General

One of the main tools for systematic and controlled development of ground water resources is the availability of hydrogeological maps. In Egypt, RIGW, being responsible for the hydrogelogical mapping of the country, prepared 39 maps at scale 1:100,000 and 20 maps at the scale 1:500,000. The maps show the geographical distribution of aquifers and their topographical, hydrological and hydrochemical features. Presentation of data in a map form permits a rapid evaluation of the hydrogeology for a certain area. The work in Egypt concentrated mostly on the Nile Valley and Delta. The desert oases were to be covered by 6 sheets of maps at scale 1:100,000. The work is in progress. The experience accumulated in the Hydrogeological Mapping Programme that was initiated in Egypt in 1985 could be of assistance in the preparation of maps in the countries that do not have yet the country-wide map coverage.

The Regional Programme would commission an assessment study on available maps identifying various components of ground water systems within the Nubian Sandstone Aquifer. The results of this study would be presented in a report with recommendations to participating countries to embark upon a systematic mapping programme.

8.1.  
GIS Applications

The use of GIS (such as Arc/Info) considerably reduces the time needed to prepare and print a map. Also it makes future revisions and updating of maps much easier. The Regional Programme intends to offer a training to professionals from the participating countries in using the leading commercial GIS software for the preparation of maps.  A workshop would be organized either in CEDARE or in RIGW. 

8.2.  
Digitized Master Plans, Thematic Maps, and Miscellaneous Graphics

Following the advancement in computerized data processing, the current trend in both developed and developing world is to prepare Water Master Plans in a digitized form. This implies the establishment of computerized data bases with all data, information, and data attributes; but also the spatial presentation of data in digital map format. With all data in the digital format, it is relatively easy to display and view a map, enhance a category of data, print a map, superimpose additional category of data on a base (topographic) map, etc. 

One of tangible results expected from The Regional Programme would be the establishment of comprehensive ground water information systems. The other result would be the logical extension of having the data in GISs and GWISs, that is the production of maps.

The process of evaluation of a ground water resource, and of preparation of development projects based on the utilization of this resource, could benefit greatly if one or more, or all, maps are prepared:

*
maps with location of all production and observation wells, either integrated or individually for a category of wells (location map);

*
maps showing extension of aquifer (surface extension, depth, saturated thickness, depth of penetration by wells);

*
piezometric maps with potentiometric contour lines for selected times, separate for each aquifer of importance;

*
depth to water at selected times, and selected aquifers;

*
maps with contour lines of TDS, conductivity, chloride or any other major ion, nitrates in irrigated areas, etc;

*
maps showing the volumes (or rates) of abstraction for a selected time interval;

*
maps showing hydraulic connections between aquifers and surface water bodies;

*
maps showing the extent of mixing with saline waters, and of sea water intrusion;

*
maps showing the location of springs, indicating also spring discharge and water quality; etc.

There is an unlimited number of specific or thematic maps that may need to be created in order to assess the development potential of an aquifer or its vulnerability to overexploitation or environmental degradation.

9. 
Specific Studies, Analysis, and Interpretations

9.0. 
General

The Regional Programme would finance several specialized studies, including, but not limited to, an assessment study on the potentials and benefits of satellite imagery and remote sensing techniques as applied to the Nubian Sandstone Aquifer, an assessment study on available maps, identifying and presenting data on various components of the Nubian Sandstone Aquifer in “map” form, and an assessment study of water age dating using Carbon-14 and environmental isotopes. A workshop would be organized on current drilling practices in the participating countries, with the aim to exchange experience and benefit from success and/or failures.

9.1. 
Remote Sensing, Satellite Imagery

The use of remote sensing in ground water investigations is gaining momentum with the growing availability of satellite data, normally in digital form, and with the advent of powerful image processing software. The integration of remote sensing and GIS techniques is already a valuable tool for hydrogeological mapping purposes. 

In Egypt a series of satellite image maps and hydrogeological maps based on data obtained from remotely sensed data has been produced recently (Zevenbergen et al., In: Planning for Groundwater Development in Arid & Semi-Arid Regions. Round Table Meeting, Cairo, October 1991). These maps have been applied in various ground water studies, ranging from crop and water demand monitoring to waterlogging and salinization problems. The application of remote sensing and GIS for hydrogeological mapping has proven a successful tool in Egypt.

The remote sensing and satellite imagery applications of interest to the Nubian Sandstone Aquifer could include the following:

*
vegetation cover, natural and crops

*
desertification process, extension, severity

*
sand dunes location and movement in time

*
land use

*
environmental monitoring, etc.

The assessment study to be undertaken by the Regional Programme would make available to all countries the information on the procedure of data acquisition (sources and costs), data processing (equipment required, training needed, and techniques used), interpretation and application. RIGW of Egypt could be the lead institution to transfer its experience in hydrogeological mapping using the remote sensing and satellite data processing methodologies. Such a transfer of know-how fits well into the concept of the regional cooperation.

Specifically, specialists from RIGW could run a workshop with the following goals:

*
to show the value of satellite remote sensing for production of hydrogeological maps and, indirectly, for ground water resource management;

*
to introduce new techniques in regional hydrogeological investigations;

*
to develop and produce professional satellite image maps for selected areas.

9.2. 
Drilling 

In spite of numerous shallow and deep wells drilled all over the Nubian Sandstone Aquifer, every country could benefit from an exchange of experience from past drilling projects. The drilling through the Nubian Sandstone Aquifer is often very deep, deeper than 500 m, and in some cases over 1000 m. The formations drilled through are of mixed granulometric distribution, with fine grained components creating problems in making gravel packs unstable and in contributing to the sanding of a well. An assessment study of the practices and equipment used in drilling deep wells, well construction and well development would be especially useful. 

A workshop on drilling techniques is recommended with the emphasis on the exchange of information on drilling, equipment, well construction, development of wells, screen selection, materials, corrosion and sand-entrance problems, and on testing drilled formations.

9.3. 
Water Age Dating

Numerous Carbon-14 (C14) age determinations have been conducted in the Nubian Sandstone Aquifer in the past. The goal was to relate ground water recharge to paleoclimate or to prove one of working hypotheses, the one suggesting that there is no present recharge to the aquifer. In Libya, in the Kufra basin the age of the ground water by Carbon-14 dating was found to be within the range from 24,500 to 44,500 years. Other isotope dating studies in the same basin produced a different range: from 9,745 to 29,500 years before present time. The “apparent” discrepancy in the age of water was explained by possible vertical mixing of younger and older ground water.

It may be expected that the ground water age dating studies and research would continue in the years to come. The Regional Programme would provide a forum for exchange of knowledge about the techniques, methods of collecting samples, instrumentation required, danger of contamination, expected accuracy, and about the cost.

9.4. 
Ground Water Quality

The quality of ground water for irrigation, water supply, and various agro-industrial uses is a matter of concern in any large-scale ground water development project. The Regional Programme intends to pay an equal attention to the evaluation of water quality as to the availability of sufficient quantities of water. After all data on ground water quality are transferred into a computerized GWIS, the data would be interpreted and presented in one or more reports (project-wide, or national). 

In the formulation of new development projects the quality of ground water would be an important consideration. The ground water quality data coming from monitoring networks in the already established projects (especially in the agricultural projects such as the ones in New Valley, or in the Sarir basin) would be scrutinized, with eventual recommendations to include more environmentally sensitive parameters into the sampling and laboratory determination procedure.

10.
Environmental Impact Assessment

10.0.
General

An environmental impact assessment should be at the center of any good ground water development plan (A.Biswas. In: Planning for Groundwater Development in Arid & Semi-Arid Regions. Round Table Meeting, Cairo, October 1991.). 

The Regional Programme intends to organize a seminar on environmental impact assessments of various major development projects. National experience would be the focus of the learning process. The goal would be to produce a set of “rules,” as a guidance for the preparation of environmental impact assessment.

10.1.
Formulation of EIA

Biswas formulates the environmental aspects of ground water management as follows:

(a)
Ground water development must be sustainable on a long-term basis. This means that the rate of abstraction should be equal to or less than the rate of recharge. If the rate of abstraction is higher than the rate of recharge (which is the case with the most of the Nubian Sandstone Aquifer), it will result in ground water mining, which can be carefully considered for some specific cases. If mining occurs, ground water levels would continue to decline, which would steadily increase pumping costs, and then at a certain level it would be no longer economic to pump ground water for certain uses such as agricultural production.

(b)
Human activities which could impair the quality of ground water for potential future use should be controlled. This would include leaching of chemicals like nitrates and phosphates from extensive and intensive agricultural activities, contamination by toxic and other undesirable chemicals from landfills and other environmentally unsound waste disposal practices, bacterial and viral contamination due to inadequate sewage treatment and waste water disposal practices, and increasing salinity due to inefficient irrigation practices.

(c)
Improper ground water management often contributes to adverse environmental impacts. 

Most EIAs deal with the potential environmental implications of proposed development projects. However, there is also an urgent need to monitor environmental changes once a project is operational. Such monitoring is necessary also for all currently existing development projects which had received very little environmental attention during their planning and construction phases.

The objectives for applying EIA to ground water management could be the following (Biswas, 1991):

*
to identify adverse environmental problems that may be expected to occur;

*
to incorporate into the development action appropriate mitigation measures for the anticipated adverse problems;

*
to identify the environmental benefits and disbenefits of the project, as well as its social and environmental acceptability to the community;

*
to identify critical environmental problems which require further studies and/or monitoring;

*
to examine and select the optimal alternative from the various relevant options available;

*
to involve the public in the decision-making process related to ground water management; and

*
to assist all the parties involved in the specific development project to understand their individual roles, responsibilities and overall relationships with one another.

ANNEX   B
List of Development Project Ideas, Initiatives and Proposals
The following is a list of projects that have been identified in the past by national authorities and the implementation of which had not started mostly for the lack of financing. Some projects initiatives have been formulated in details; for the others the formulation is pending the selection of the project as a priority.

Table 4. Development Project Ideas, Initiatives & Proposals
	Item
	Project Name
	Objectives

	 
	SUDAN
	

	1.
	Rehabilitation of Agro-Pastoral Communities in Wadi El Mugaddam.
	To help the Hawawir people become self-sufficient in food, fodder and energy resources, and to produce a surplus to help the rest of the country through the development of an ecodevelopment model valid for many other similar ethno-ecological situations.

	2.
	Protection of the Irrigated Agricultural Land from Wind-blown Sand in the Northern Region of the Sudan.
	To protect irrigated land from sand, and increase crop productivity. To check mass exodus of population by improving their economic and social welfare.

	3.

	Development of the Trans-Sahara Camel Route between Sudan and Egypt (Darb Al-Arbaeen).
	To reduce camel mortality caused by inadequacy of water and services en route; to promote the inter-country camel trade; and to motivate the desert nomads to become more involved in camel breeding and marketing.



	
	EGYPT
	

	4.
	Dry land farming training centers for post graduates.
	

	5.
	Establishment of farms along roads connecting the East Uweinat project with New Valley (Kharga, etc.).
	

	6.
	Rehabilitation of vanishing or fossil oases (e.g., Kara, near South Qattara).
	

	7.
	Afforestation and sand dune fixation in some industrial communities (e.g. south of Qattara).
	

	8.
	Sustainable development of Wadi Allaqui.
	Ecological study east of Lake Nasser; currently under implementation with assistance of Aswan University.


Project Profile

1. Project Tile : 
Development of the Trans-Sahara Camel Route between Sudan and Egypt (Darb Al-Arbaeen)

2. Country(ies): Sudan and Egypt

3. Sector
(a) 
Income generation and value added in arid rural areas; and

(b) 
Environmental management.

4. Location :

The traditional trade camel route across the N.E. African Sahara between Sudan and Egypt (Darb Al-Arbaeen)

5. Proposed Funding Institution :

The International Fund for Agricultural Development (IFAD)

6. Proposed Executing Agency :

CEDARE, in support of the national agencies responsible for ground water and rural development in Egypt and the Sudan.

7. Estimated time horizon :

Three years for the project cycle from the preparation of a detailed feasibility study to implementation.

8. Background :

Darb al-Arbaeen (“The 40 days route”) is an ancient camel route linking the camel breeding areas of western Sudan with upper Egypt with a branch to Libya. The route is more than 1,500 km long, and the average annual camel traffic to Egypt and Libya has been about 200,000 heads used  mainly for meat. Camels represent the most important and significant item of trade between Egypt and the Sudan. The latter is the second largest camel raising country in the world.

The camel route passes through a number of natural oases which provide watering intervals for the camels which graze and browse on scanty vegetation as and where it is available. Sub-surface or shallow aquifers are the main sources of water in the oases.

During the last 2-3 decades, an accelerated increase in numbers of camels tracked and the deteriorating natural environment due to climatic changes and to overgrazing, have adversely affected the animals. Mortality rates have increased and loss in weight and  meat quality has become evident. All in all, the total loss has been estimated at 15 percent of the total market value. The cost of partial recovery of value at the receiving ends in terms of feeding and veterinary care has reached significant levels considering scarcity and high cost of animal feeds in both Egypt and Libya.

Meanwhile, living conditions in oases have become precarious driving a number of nomad population to the Nile Valley where the land/people ratio is already critical. The remaining inhabitants of oases live under the poverty line and are often compelled to sell more of their animal stock in order to survive.

In response to the recommendations of the United Nations Conference on Desertification (Nairobi 1977), a transnational project on the major aquifer in North East Africa was designed on the basis of country components in order to facilitate bilateral technical assistance. The project, which was primarily a hydro-geological/hydrological/ecological survey of the Nubian Sandstone Aquifer, was carried out during the period 1982-1988 with the participation of Egypt and Sudan. The funding was provided by DTCD (Department of Technical Co-operation for Development, a former UN institution), UNEP and UNDP. The main project components were the drilling of several test wells along the camel route and the review of a large number of existing wells in the three countries.

The main finding of the transnational study may be summarized as follows:

(a) 
The total theoretical storage in the Nubian Sandstone Aquifer in Sudan, Egypt and Libya is estimated at 140x1012 m3, with an estimated present extraction capacity  (EC) of 1Bm3/yr, and a planned EC of seven Bm3/yr.

(b) 
The ground water from the Nubian Sandstone Aquifer can support sustainable development with priority to be given to combating desertification.
(c) 
The ground water in the Nubian Sandstone Aquifer falls under two hydrogeological categories, namely unconfined rechargeable aquifer and confined (fossil water) aquifer. The former category has been demonstrated by long terms abstractions in the Sudan, while the latter (mainly in Egypt and Libya) may pose difficulties of sustainability in the long-term despite the huge volume of the ground water in storage. Further studies are needed in order to determine the degree of recharge and, hence, sustainability of the confined aquifers

(d) 
In most cases the water in the Nubian Sandstone Aquifer is fresh with low concentrations of total dissolved solids.

e)  
The implementation of development should be gradual and the phasing of such development ventures should take into due consideration socio-economic, logistic, institutional and human constraints, and,

f) 
The application of renewable sources of energy  for pumping of ground water for irrigation should be given a desired priority.

On the basis of the above finding, recommendations and conclusions, and on the basis of several transnational meetings attended by donors and technical experts, the three countries (Sudan, Egypt and Libya) agreed in a tripartite meeting  held in Khartoum in December 1987 to carry the project into a second phase aimed at economic, social and ecological development under a regional project. The project would include national components to be coordinated by a regional institution which would provide technical and advisory support, in addition to training. The main objectives of the project would be :

a) 
the development of ground water for irrigated farming supported by research, extension and resettlement;

b) 
desert reclamation and/or control of desertification, and;

c) 
community development.

The outline of phase two was presented in a meeting held in Tripoli (June 1991) organized by UNDP and IFAD in addition to representatives of the three countries. The main components of the second phase put an emphasis on building up and strengthening national and regional execution capacity, including the following components:

(a) 
drilling of test and observation wells;

(b) 
establishment of a monitoring network;

(c) 
preparation of basic documents and a database;

(d) 
preparation of a hydrogeological programme including mapping, inventory of wells, recharge to and discharge from the aquifer, etc., and

(f) 
in-depth studies of socio economic aspects .

UNDP and IFAD agreed to contribute US$ 100,000 each towards the cost of the first year. It was also agreed that UNESCO would organize a workshop at the end of the first year to review progress and to help in the mobilization of additional funds.

Parallel to the capacity and institutional building, the Sudan and Egypt have conceived a development project with more orientation towards the utilization of the Nubian Sandstone Aquifer for economic, social and eco-environmental purposes.

The proposed project is based on the premise that there is already enough data and knowledge about the Nubian Sandstone Aquifer to justify the pre-development activities on a pilot scale using the present national capacities in Egypt and the Sudan. The main objective of the project is to improve the camel trade economy along Darb Al Arbaeen route and to ameliorate living conditions of the inhabitants of the oases who are closely related to the trade.

The new project was discussed and approved in principle at the DALCO (African Desert and Arid Lands Committee of UNEP) meeting of August 1990. It was also approved by the International Conference on Camel Production Improvement held in Tobruk (Libya) in December 1990.

9. Main project objectives:

9.1 
Long-Term Objectives:

a) 
Combating desertification in the N.E. African sub-region through the expansion and development of green oases along the main camel trading routes.

b) 
To plan and encourage the resettlement of nomads in the oases, to maximize their economic participation in the camel trade, to increase their income generation activities and to improve their living and nutritional levels.

c) 
To promote regional cooperation in the development of common ground water aquifers and strengthen trade links between neighboring countries, and

d) 
To improve accessibility to and economic feasibility of other activities in the desert such as prospecting for oils and minerals.

9.2
Short to Medium-term Objectives :

a) 
To reduce camel mortality due to inadequacy of water, fees and veterinary care en-route.

b) 
To promote the inter-country camel trade and to improve its economics (the present loss in value is estimated at US$ 20 million within one year).

c) 
To motivate the desert nomads to get more involved in camel breeding and marketing.

9.3 
Results Expected:

a) 
Gain to  national economies of both Egypt and Sudan.

b) 
Safety of traffic for people and camels. In the long run, with the improvement of roads and availability of watering points en route, Sudanese sheep may be added to the trade, and

c) 
Promotion of the cooperation between countries sharing the Nubian Sandstone Aquifer and enhanced regional information about the hydrogeology of the Aquifer in support of long-term planning and development.

10. Main Project Components:
10.1 
The selection and development of two oases along the Darb Al-Arbaeen route after a comprehensive baseline survey  of all the route.

10.2 
Assessment of the present volume of camel traffic and of the quality and condition of animals as they travel on .

10.3 
Study of the frequency of feeding and drinking en-route.

10.4 
Study of socio-economic conditions of inhabitants of the oases and their relationship with the visiting camel traffic. Also a study of social and cultural habits of people living in the oases and the prospects of improving their income generating capacities from such activities as improved camel breeding and animal-based industries and services.

10.5 
Study of the feasibility of developing a feed farm in each oasis based on cultivated fodder’s and on ground water irrigation.

10.6 
Study of the comparative costs and benefits of developing shallow ground water vis-a-vis deep aquifer taking into consideration, inter-alia, economies of scale.

10.7 
Study of the feasibility of improved feeding, quarantine and marketing conditions in two Egyptian terminal stations  (Daraw and Asuite).

10.8 
Study the impact of the proposed project on the desert ecology and on the camel routes with emphasis on the feasibility of growing shelter belts and browsing shrubs using ground water.

10.9 
Assessment and indication of institutional and management requirements including grass-route participation, marketing, credit and international division of responsibilities, norms and modalities of cooperation.

10.10 
Preparation of a detailed feasibility study and design  for the proposed pilot project phase.

11. Proposed Team Composition:


The following team is proposed for the preparation and defense of the detailed feasibility study, including the preliminary design of the pilot phase. The draft feasibility study will specify, inter-alia, the professional technical staff requirements of the development phase:


Profession





Estimated Man/Month
1. Planing Economists






    4

2. Animal production & Health (camel)



    2

3. Hydrologist (ground water)




    2

4. Irrigation Agronomist/soil





    2

5. Ecologist / Forestry






    2

6. Sociologist/Rural development specialist



    2

7. Civil engineer (roads)





    2










----------



Total






16 m/mo










----------

12. Estimated costs of the feasibility study phase :


Cost item




Estimated Cost









(U.S. $ Equiv.)


12.1
Salaries & Wages


12.1.1
Professional



16 m/mo  x 10,000



( including per-diem 



and travel expenses)




160,000


12.1.2
Wages



2 Drivers & 2 A/drivers 




X 2 months




   2,000


12.2
Vehicles



2 4W Land cruiser



Station wagon cars




60,000


12.3 
Camping Equipment




10,000


12.4
Miscellaneous items




 8,000










---------




Total




            240,000


CEDARE ( Executing Agency) overhead costs @10%
  24,000



Grand Total Costs




264,000










=======

The proportional sharing of these costs between the donors and the two governments (Egypt and Sudan) will be subject to negotiation. It is tentatively estimated that the overall cost of the proposed pilot phase  will not exceed U.S. $ 2.5 million  with a project development duration of 30-36 months, including the feasibility study.

13.  Follow-up Action

Subject to the acceptance of the project idea in principle, it is proposed that CEDARE will ask the two Governments of Egypt and the Sudan to submit individually and/or jointly a request to IFAD for financing the foreign component of the project, starting with the cost of the detailed feasibility study. Following the acceptance  by IFAD, CEDARE will call for a Tripartite Committee meeting to complete the financing/implementation procedures and to continue as a supervisory organ through the completion of the project. Although CEDARE would most willingly and gladly accept the role of the Executing Agency, the Centre’s intention is to share all the important agenda during the course of preparation/implementation with other parties concerned, thus setting a new example of donor/recipient/executing agency inter-relationships.





ANNEX   C 

Programme Cost in US Dollars

1. Staff 

*
Regional Coordinator, 4 person-months in each year, 20 months in 5 years; estimated monthly cost US$20,000.

TOTAL: 400,000

*  
Consultants, international & national, 90 person-months for 5 years, including the preparation of feasibility studies, training, assessment studies and investigations, etc.; estimated average (for both national and international consultants) monthly cost US$15,000 (includes travel, DSAs, fees, etc.)

TOTAL: 1,350,000

2. Workshop, seminars and courses

About eight workshops, seminars and/or short courses are anticipated over the period of 5 years, including the following topics: ground water data information systems, mathematical modeling of ground water systems, ground water observation networks (levels, quality, abstractions), socio-agro-economical assessments and evaluations, development projects formulations and proposals, etc. The cost includes the organization, cost of lecturers, key speakers, and compensation to national staff. Each workshop, seminar or course is budgeted at US$40,000.

TOTAL: US$320,000

3. Regional cooperation meetings and associated expenses
Four meetings each year, twenty meetings during the Regional Programme. The cost includes travel, accommodation and daily subsistence allowances, and all costs associated with the organization, etc. Each meeting budgeted at US$15,000.

TOTAL: US$300,000

4. Support to National Committees
Most of work to be carried out by National Committees would be financed by national governments in cash and kind. The Regional Programme would finance with foreign exchange some components, to be specified at a later date, up to an amount of US$100,000 per country.

TOTAL: US$400,000

5. Equipment, Supplies & Materials
Computers, computer supplies, printing supplies, software, computer peripherals (digitizers, printers, scanners, CD-ROM, storage backup, removable hard disks, etc.). It is expected that the cost of most of equipment, supplies & materials would be carried by national governments. The Regional Programme would finance with foreign exchange some components, to be specified at a later date, up to an amount of US$100,000 per country.

TOTAL: US$400,000

6. Monitoring Networks
Commissioning reviews, reporting, supply of equipment (recorders) and materials, wellhead protection devices (material and labour), observers’ fees, etc.). It is expected that the cost of most of reviews, studies, equipment, supplies & materials would be carried by national governments. The Regional Programme would finance with foreign exchange some components, to be specified at a later date, up to an amount of US$100,000 per country.

TOTAL: US$400,000

7. Feasibility Reports
To be commissioned to foreign or national consulting companies, the work on preparing feasibility studies, reports and projects in up to 10 areas selected for development. Individual cost is estimated at about US$100,000.

TOTAL: US$ 1,000,000

8. Supervision of Programme Activities in Phase Three

Technical assistance, supervision, back stopping, follow up, revision of projects during the project implementation phase; dissemination of information and data of importance for regional cooperation and exchange of experience. Organization of workshops and/or expert group meetings for each development project. The details of activities and exact costing could not be specified at this time. The lump sum of US$430,000 is only an indicator of costs.

TOTAL: US$430,000

TOTAL ALL ACTIVITIES: US$5,000,000

CEDARE OVERHEAD (10%): US$500,000

G R A N D   T O T A L  US$  5,500,000

Table 5.    COST SCHEDULE

	ITEM
	COMPONENT
	COST 

(in US$)

	1.
	Consultants:

Regional Coordinator, 20 person-months @ 20,000

National & International Consultants, 90 person-months @ 15,000

(includes fees, travel, DSAs, and associated expenses)


	400,000

1,350,000

	2.
	Seminars/Workshops/Short Courses, 8 @ 40,000

(GWIS, GIS, Modeling, Monitoring Networks, Data Collection, Socio-economic analysis, Expert group meetings, etc.)


	320,000

	3.
	Regional Commission Meetings and Support, 20 @ 15,000

(includes travel, DSAs, logistics, and associated expenses)


	300,000

	4.
	National Committees Support, 4 @ 100,000

(lump sum for 5 years programme)


	400,000

	5.
	Equipment, Supplies, Materials, 4 @ 100,000

(computers, computer peripherals, office and computer supplies, reporting, printing, etc.)


	400,000

	6.
	Monitoring Networks, improvements, evaluations, establishment, observations, reporting, 4@100,000


	400,000

	7.
	Feasibility reports, 10@100,000

(commissioned to national or international consulting companies)


	1,000,000

	8.
	Support in Phase Three, technical assistance, supervision, backstopping, monitoring progress


	430,000

	
	TOTAL
	5,000,000

	
	CEDARE 10% overhead
	500,000

	
	GRAND TOTAL
	5,500,000


ANNEX D

Table 6.   WORK PLAN
(More detailed for Phase One; general for Phases Two & Three)

	
	Component
	Time Span
	Comment

	1
	Appointment of members of the Regional Nubian Sandstone Aquifer Commission (RNSAC). Include IFAD (and other donors) and CEDARE representatives.
	One month after the Regional Programme (RP) is approved and financing secured.
	Proposed to start with current Joint Commission to be expanded (Chad, IFAD, CEDARE) with its mandate modified.

	2
	Appointment of Regional Coordinator  (RC).
	One month after the RP is approved and financing secured.
	Will spend on average 4 months each year working for the RP.

	3
	Establishment of National Committees.
	One month after the RP is approved and financing secured.
	To include representatives from government authorities on water; agriculture; planning; social, community and human development; research institutions and universities.

	4.
	Search for data, identification of data sources, compilation, preparing synthetic reports with data sources, critical evaluation of data. To be done separately for each country by national staff.
	Start immediately in each country, continue throughout Phase One. Submit data compiled for inclusion in GWIS and other information systems.
	With an early start, keeping in mind the format for data transfer into computerized data bases and information systems. Agree on standardized format and coordinate systems to make data exchange among countries possible.

	5.
	Workshop on Ground Water Data Information Systems. To be held in CEDARE for all participating countries. Selection of adequate software; training in working with the software; transfer of national ground water data collected in previous component for pilot GWIS as a demonstration. At Workshop end, CEDARE consultant would prepare guidelines, user manuals, and technical specifications for data base design and establishment of national, local (project), and regional GWISs. At end of Workshop, software, manuals, and guidelines would be installed in computers in participating countries to continue with data base and GWIS updating.

NOTE. Participation of representatives from other arid countries from wider region under sponsorship of the RP could be appropriate. Countries to be invited: Algeria, Tunisia, Morocco, Gulf States, Saudi Arabia, Syria, Lebanon, Iraq, etc.
	One month after the RP starts. Workshop duration 10 days. One additional week for guidelines, user manuals, and technical specifications.
	Suggested software: the United Nations Ground Water for Windows (GWW) and its enhancement GW+. Used already in Jordan, Palestine, Gaza, Bahrain, and recommended for Libya under UNDP project “Water Resources & Soil Studies.”

	6.
	Establishment of national (or major project) GWIS and other information systems. To be done by national staff with periodical assistance by CEDARE consultants. 
	Immediately after Workshop on GWIS. To continue throughout the lifetime of the RP and beyond.
	Backstopping by national and international consultants might be required.

	7.
	Assessment study of socio-agro-economic factors and key indicating parameters in each country and in major development projects. To be commissioned to national institutions and/or national consultants. Country status reports to be released.
	Four months after the RP starts.
	

	8.
	Expert group meeting (EGM) on socio-agro-economic factors and parameters. 
	Immediately after assessment studies above are completed and presented. 
	National studies to serve as basis for EGM, discussions, and recommendations.

	9.
	Submission of developmental project ideas, requests, proposals, and formulations. Continuing process.

Ideas, requests and proposals to be submitted to National Committees, RNSAC, CEDARE, and/or RC.
	Immediately after the RP starts. 
	As early as possible to have time to prepare projects, attract investors and financiers, and move to project implementation.

	10.
	Special RNSAC meeting to recommend projects for development.
	Ten months after the RP starts.
	This would be the turning point in the RP, to move from data collection, establishment of information systems, and training to implementation of development projects.

	11.
	Workshop on mathematical modeling of ground water systems. To include finite difference, finite elements, and analytical elements codes and programmes. Emphasize on: (a) data collection, (b) ground water system boundaries, (c) conceptual models, (d) calibration and verification, (e) selection of appropriate codes and methodologies, and (f) simulation of future development scenarios. Discussions of past models in Egypt, Libya and Sudan. Report on results of workshop, national experience, conclusions and recommendations. 
	Eight months after the RP starts. One week duration. Two weeks for comprehensive report with conclusions and recommendations.
	Numerous models have been made in the past. The results of some could be post-audited. New developments in computer hardware and software make most models obsolete. New models should be constructed.

	12.
	Workshop on drilling techniques applied to the Nubian Sandstone Aquifer; well construction, development, screen selection, corrosion and sand-entrance problems, materials. Exchange of experience among participating countries. Report with conclusions and recommendations for region-wide use.
	Four months after the RP starts. 5 days duration. Ten days for comprehensive report.
	Experience from GMRP could be very valuable for other countries. Identified problems: entrance of sand, damage to pumps, corrosion, and duration of materials.

	13.
	Assessment study of ground water level, water quality, and quantities of abstraction monitoring networks in major development projects. To be commissioned to national focal institutions with assistance of CEDARE consultants. Field work and search in national institutions archives. Report with recommendations, cost estimate, proposed organization, instrumentation, accuracy, data handling, etc.
	Five months after the RP starts. One month duration.
	Expensive but unavoidable component of a large-scale ground water development project. Experience from large projects in Egypt (New Valley) and Libya (GMRP) to be shared.

	14.
	Assessment study on the potentials and benefits of satellite imagery and remote sensing techniques as applied to the Nubian Sandstone Aquifer. CEDARE consultants in consultation with and assisted by national staff. Report with recommendations, case studies, specifications for equipment and materials.
	Six months after the RP starts. Two weeks duration.
	To be preceded by a review of available capabilities, techniques and uses.

	15.
	Assessment study on available maps identifying various components of ground water systems within the Nubian Sandstone Aquifer. To be commissioned to national focal institutions; reviewed by Regional Coordinator and other consultants. Report to be released.
	Five months after the RP starts. Duration one month.
	Goal is to benefit from existing maps; to standardize terminology and presentation and gradually construct maps of larger scale.

	16.
	Training in map preparation using GIS (Arc/Info, Arc/View, GWW, ERDAS, etc.) Workshop or seminar in CEDARE or RIGW.
	Six months after the RP starts. Duration 5 days. Follow up would be required.
	Several institutions in the region have GIS facilities (CEDARE, RIGW, and GWA)

	17.
	Assessment study on ground water age dating: experience in the region, techniques, instrumentation, accuracy, interpretation, cost. To be commissioned to national focal institutions. Report to be released.
	Eight months after the RP starts. Duration one month.
	Libya, Egypt and Sudan have experience in ground water dating.

	18.
	Assessment study on desertification and sand dune movement. Regional experience of combating desertification. Study to be commissioned to national focal institutions. A seminar to be held at completion of study. Report to be released with study results and seminar recommendations.
	Seven months after the RP is started. Duration of study one month and of seminar 3 days.
	To include professionals from various disciplines.

	19.
	Seminar on environmental impact assessments of various major development projects. To be conducted primarily by national consultants, with assistance of RC and international consultants. Report with findings, conclusions, and recommendations to be released.
	Eight months after the RP is started. Seminar duration 3 days.
	Protection of environment under very specific conditions influenced by climate, tradition, culture, and socio-economic developments.

	20.
	Expert group meetings on identified and proposed development projects. Selection of projects for implementation. Preparation of project sheets, project summaries, eventually project designs. 
	Near the end of Phase One (10 months after the RP started), to continue in the second year of the programme.
	In Phase Two and Three this could be a routine activity intended to monitor activities within human and community development fields.

	21.
	Feasibility project reports, studies and designs. Commissioned to national and international consulting companies. Dependent on agreed priority for development and financing secured.
	To start near the end of the second year and continue through the end of the RP.
	This would be one of more tangible contributions of the RP to the development and utilization of the Nubian Sandstone Aquifer.

	22.
	Monitoring water levels, water quality, and keeping an accurate record of abstractions in all major development projects (old and new). This would be a continuing activity, periodically reported, with data transferred into a computerized GWIS as soon as they become available. To be implemented by national staff, following guidelines and recommendations of the workshop (item 12), and using standardized techniques.
	Immediately after the RP starts and continuing throughout the RP and beyond.
	Often neglected activity, very important for post-auditing and evaluation of project success in technical terms.

	23.
	Implementation of development projects. Dependent on project formulation, feasibility studies, project improvement, securing funding and investment, and setting up organizational schemes (water user associations, marketing strategies, operation & maintenance, etc.).
	As soon as the projects are prepared, approved, and financing agreed upon.  Realistically not earlier than 24 months after the RP starts.
	

	
	
	
	


 � The Regional Programme document was prepared by Dr. Jasminko Karanjac, Atlanta, USA, CEDARE consultant hydrogeologist & computer specialist.


�  Indicators are listed in Annex A, section 2.5.


� Presented in more detail in the continuation of this Annex.


�This Project Profile is copied to this document with minor editing. It is the original request as formulated by national authorities some time ago. Its inclusion here is for illustrative purposes only.
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