


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nubian Sandstone Aquifer System (NSAS) 

M&E Rapid Assessment Report 

NSAS 



 

 

 Page 2 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Donor: African Water Facility/African Development Bank 

Grant Recipient: CEDARE 

AWF Grant Agreement No.: 5600155002351 

Project ID No.: P-Z1-EAZ-027 

Document Name: Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report  

Document Type: Transboundary Report  

Version: English, Final Version 

Countries: Egypt, Libya, Sudan, Chad 

Region: North Africa 

Consultant: Misr Consult for Environmental and Infrastructure Studies (Dr. Sameh Abdel Gawad)  

Main Authors: Ahmed R. Khater, Ph.D., Misr Consult; Abdulgader Abufayed, Ph.D., Libya National Project 

Management Unit (NPMU); Mohamed Ahmed, Ph.D., Egypt National Project Unit (NPMU) 

Contributors: Mohamed Attia, Ph.D., Misr Consult; Lutfi Madi, Mokhtar Radi, Libya NPMU; Nehal Adel, 

Ph.D., Amre ElKady, Egypt NPMU 

Supervision & Review: Khaled AbuZeid, Ph.D., P.E.; Mohamed Rami, Ph.D.; Mohamed Elrawady, M.Sc., 

CEDARE 

Review: Libya NPMU & Egypt NPMU 

Document Date: May, 2014 

  

 

For reference purposes, this publication should be referred to as: 

CEDARE (2014), “Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report”, Monitoring & Evaluation 

for Water In North Africa (MEWINA) Project, Water Resources Management Program, CEDARE. 



 

 

 Page 3 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

Executive Summary 

This rapid assessment aims at providing information about the performance of existing transboundary 

aquifer management organizations as well as assessment of the monitoring and evaluation tools and 

practices. The Nubian Sandstone Aquifer System (NSAS) is one of the major transboundary water 

resources that is shared by four African countries (Chad, Egypt, Libya and Sudan), where Egypt and Libya 

belong to the N-AMCOW countries. The NSAS management organization (for Egypt and Libya) is the 

subject of this transboundary rapid assessment report. The NSAS is regarded as non-renewable, and its 

extraction will inevitably lead to its eventual depletion. Although extraction in relation to the volume 

stored in the NSAS might be low, signs of over-extraction have been reported. Cooperation is therefore 

needed through joint management of the NSAS to harmonize the differing interests. Accordingly, it was 

important to establish an aquifer management organization that will coordinate the implementation of 

plans and management measures. The four NSAS countries have already embarked on a process to 

cooperate on the management of the aquifer system. Egypt and Libya initiated the process in the early 

1980s. Efforts have been formalized in 1991 with the establishing of the Joint Authority for the Study and 

Development of the NSAS. The agreement providing the constitution of the Joint Authority was adopted 

in 1992. Sudan joined the Joint Authority in 1996 and Chad followed in 1999. Hence, all NSAS countries 

are members of the Joint Authority and mutually acknowledge the significant role of having such regional 

transboundary management organization. 

According to the Joint Authority Agreement, the organizational structure consists of a Board of Directors; 

where each member state appoints three ministerial-level members to the Board. Each member state 

chairs the Board on rotational basis. The Joint Authority’s headquarters, located in Tripoli, Libya, is run 

through an executive director who is appointed by the Board, assisted by administrative secretariat and 

technical staff. On the country level, the Joint Authority works through national offices run by focal point 

institutions. Meetings of the Board of Directors are held on regular basis. Financial resources of the 

Authority consist of the annual contributions from the member countries, in addition to grants from 

regional and international organizations and donor states. The full operating budget of the Authority’s 

headquarters and the national offices are covered by the governments of the member countries. The 

Joint Authority mandate is to collaborate and develop co-operative activities for the sustainable mutual 

development of the NSAS, including monitoring the status of utilization of the Aquifer, and evaluation of 

development activities. According to the internal Regulation, the Joint Authority is responsible for 

collecting, analyzing and updating data, conducting supplementary studies, formulating plans and 

programs for NSAS development and utilization, contributing to capacity building in the Member States, 

and developing relationships with relevant regional and international organizations.  

The support provided from regional and international organizations plays a major role in sustaining the 

mechanisms of regional cooperation for the joint management of the NSAS. This is manifested by the 

(1994-2001) regional cooperation program “Regional Strategy for the Utilization of the Nubian Sandstone 

Aquifer System” and the (2006-2011) regional cooperation program “Action Programme for the 

Integrated Management of the Shared Nubian Aquifer”. These regional cooperation programmes have 

been successfully implemented with active participation from the Joint Authority. In the framework of the 

(1994-2001) Regional Cooperation Program, the Member States signed two agreements dealing with 

monitoring and exchange of groundwater information. Parameters and indicators for regional monitoring 

and evaluation are first identified in the signed agreements. The signed agreements have declared the 

consent of the NSAS countries to joint monitoring of the aquifer system according to a specified setup, 
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delineating types, location and frequency of monitoring parameters, and exchange of information 

through a Regional Information System. Monitoring and evaluation have been also part of the (2006-

2011) NSAS Regional Cooperation Program. Within this regional program, diagnostic analysis has led to 

the identification of high priority transboundary monitoring parameters and indicators: i) declining water 

levels; ii) Water quality deterioration; iii) Changes in groundwater regime; iv) Damage or loss to 

ecosystems and biodiversity; and v) Climate change impacts. 

A comprehensive regional modeling effort was undertaken in the (1994-2001) Regional Cooperation 

Program, resulting in a model that was used by the Joint Authority as a mutually accepted technical 

reference. The latest regional modeling effort was undertaken in the (2006-2011) Regional Cooperation 

Program. The developed model provides an objective, technical basis which has the capability to predict 

the extent of transboundary priority threats under a variety of future development scenarios. The 

modeling efforts undertaken in this program made several important contributions to transboundary 

analysis and NSAS evaluation. The model created a platform agreed upon by all countries through which 

data can be shared and interpreted in an open, transparent manner. Modeling efforts contribute to 

strengthening the role of the Joint Authority in shaping cooperative NSAS monitoring and evaluation. 

The (1994-2001) Regional Cooperation Program included collection of data by the focal institutions in 

each country. The verified data was reformatted, harmonized and standardized then stored in a Regional 

Information System (NARIS) providing a tool for information-based decision making within the NSAS. 

According to the signed agreements on monitoring and exchange of groundwater information, data 

should have been stored on a server and accessed through the internet by the four countries through 

web-based Oracle. By completion of the (1994-2001) Regional Cooperation Program, the Join Authority 

was not able to host NARIS because of financial constraints. However, NARIS was made available to the 

NSAS countries. Yet, the application and maintenance of NARIS in its original form was subject to severe 

technical and financial difficulties attributed to the system architecture. The (2006-2011) Regional 

Cooperation outputs emphasize the important role of information management to achieve 

transboundary cooperation. Reviving and updating of NARIS has been a unanimous requirement raised by 

the Joint Authority and the Project’s national teams in the NSAS countries. The Joint Authority provides 

institutional structure for joint management and it remains a successful forum for information collection 

and exchange. Accordingly, necessary funds were recently made available to the Joint Authority to 

commission specialists to overcome technical difficulties and to enhance NARIS to a web-based 

information system. The modified NARIS is expected to be operational before mid-2013 at the Joint 

Authority headquarters. 

Technical responsibilities of the Joint Authority’s national offices comprise monitoring, evaluation and 

periodical reporting. Annual technical reports are produced by the national focal institutions in each 

country and submitted to the Joint Authority headquarters. National reports are synthesized by the 

executive director in a regional transboundary summary report that is presented and discussed in Board 

meetings. However, the Joint Authority member states recognize the need to consider setting up a 

transboundary reporting procedures for joint basin management. Such uniform reporting procedures 

require comparable information and compatible assessment methods and data management systems. 

Monitoring campaigns in the NSAS countries should be as much as possible synchronized and the data 

should be exchanged between the countries at regular intervals.  
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The regional cooperation programs made important advances with respect to the development of inter-

state understanding of transboundary monitoring and evaluation. However, despite the signed 

agreements, the four countries continued to carry out monitoring and evaluation in a routine national 

context. Creation of an enabling environment for monitoring and evaluation remains a major concern. 

Apparently, the NSAS countries and the Joint Authority adapt comfortably to monitoring and evaluation 

in a regional context only when it is carried out within a regional cooperation program facilitated with the 

involvement of regional and international organizations. However, recently, the Joint Authority agreed to 

evaluate the properness of the national and regional monitoring activities. 
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1. Background 

Algeria, Egypt, Libya, Mauritania, Morocco and Tunisia constitute the Northern Region of Africa and are 

the member countries of the Northern Region of the African Ministerial Council on Water (AMCOW), 

commonly named N-AMCOW. The countries have decided to harmonize and standardize their Water 

Sector Monitoring and Evaluation (M&E) framework through MEWINA project. The global objective of 

this project is the assessment of existing M&E systems for the six N-AMCOW countries. This rapid 

assessment aims at providing information about the performance of existing transboundary aquifer 

management organizations and frameworks as well as assessment of the adopted ways to harmonize and 

standardize key indicators, and the existing M&E tools and practices. 

A transboundary rapid assessment deals with the transboundary water resources that N-AMCOW 

countries share. Transboundary assessment essentially involves identification of the stage of the 

development of agreements on the use of the shared resources, description and evaluation of the status 

of the transboundary basin M&E system; and also includes diagnostic analysis of the shared basin and the 

relevant basin organization. The Nubian Sandstone Aquifer System (NSAS) is one of the major 

transboundary water resources that is shared by four African countries (Chad, Egypt, Libya and Sudan), 

where Egypt and Libya belong to the N-AMCOW countries. The NSAS (for Egypt and Libya) is the subject 

of this transboundary rapid assessment report.  

The objective of the “Background” introductory section is not to provide a detailed description of the 

geology and the hydrogeology of the NSAS but rather to point out important information on the physical 

setting and groundwater development patterns from the NSAS in Egypt and Libya. Such information is 

required for identification of the NSAS-specific challenges associated with Integrated Water Resources 

Management (IWRM).  

1.1 NSAS Physical Setting 

The Nubian Sandstone Aquifer System (NSAS) covers an area of more than two million square kilometers 

of Northeast Africa (Figure 1), of which 235,000 km2 (11%) are in Chad, 828,000 km2 (38%) in Egypt, 

760,000 km2 (34%) in Libya, and 376,000 km2 (17%) in Sudan. It is bounded by longitudes 18° and 34° 

from East to West and by latitude 14° and 33° from south to north. It occupies a portion of the great arid 

zone belt of North Africa, extending northward into the Mediterranean Steppe and merging on the 

southern side into the subtropical climatic zone. The surface in this wide area is dominantly developed 

into extensive flat topped plateau (Hamada type) and into gently undertaking plains (Sarir type). The 

northern boundary of the region corresponds to the Mediterranean coast. In the southern and eastern 

portion of the area, rugged mountains (Tibesti, Ennedi, Darfur, Kordofan, Arkeno, Gilf El Kebir, Oweinat, 

Kissu and Red Sea) characterize the landscape and rise in places to more than 3,000 m above sea level. 

Principal topographic features in the NSAS region include large oasis depressions, extensive stony plains, 

rock-strewn plateaus, abrupt mountains, sand sheets and dunes, and sand seas. Huge areas of the region 

are empty, but scattered clusters of indigenous sedentary inhabitants survive in fragile ecological balance 

wherever water sources occur.  

The climate of the region is characterized by low irregular rainfall, persistent drought, land degradation 

and desertification. The rainfall generally occurs between June and October at an average of less than 25 

mm annually in the most northern part. It generally increases towards the south averaging 200 mm 
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around Khartoum but it is very erratic in distribution. In recent years a significant delay of rainfall is 

recorded as well as general decrease in the amount of precipitation. Winter season, which is 

characterized by dry wind, begins in December and ends by February. The summer season dominates the 

rest of the year. The mean daily temperature is fairly high with the maximum in the hottest months above 

40o C. The absolute maximum average temperature is usually recorded in May- September. The 

minimum average temperature below 15o C recorded in December- March. The wind is mostly North to 

South. The population of Egypt, Libya, Sudan, and Chad are 86, 6.2, 38 and 12.8 million capita respectively 

(Bakhbakhi 2006). While it has been difficult to assess the total Aquifer dependent population in the four 

NSAS countries, the Regional New Valley Development Plan that was developed for the Arab Republic of 

Egypt in 1983 showed that the total population of the four main oases in the New Valley (Kharga, Dakhla, 

Farafra, Bahariya) was 99352 inhabitants in 1976 and also showed that the average rate of population 

increase in the four oases is 4.31% (Euroconsult, 1983). Based on the previous rate of increase, the total 

population in the four oases could be estimated to be 162,718 inhabitants.  

 
 

Figure 1. NSAS location Map 

(Compiled from different sources including CEDARE 2001 and GEF 2011) 

 

The regional geological framework of the NSAS area was originally established in late Proterozoic times 

and continued into the Tertiary. This framework was governed by the former plate tectonics affecting the 

area between Africa, Europe and Asia. The effect of the resulting stresses on the North African plate was 

the formation of tectonically controlled uplifts and basins. In the process of subsidence, mainly 

continental deposits up to several thousand meters thick were deposited in the basins. Thick continental 
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classic deposits of Paleozoic and Mesozoic age were deposited in Kufra and Dakhla synclinal basins, while 

marine carbonates dominate the northern basins. Post-Eocene continental deposits were also deposited. 

The great thickness of the highly porous continental sediments formed an enormous storage volume for 

water resources, known as the NSAS (Bakhbakhi 2006). The groundwater stored in the complex was 

essentially stored during one or more of the pluvial periods during the Pleistocene period (some 5,000-

35,000 years ago). The NSAS groundwater strata of potential hydrogeological interest have been 

differentiated into two systems; namely, the Nubian Aquifer (NA) underlying almost all the area of Egypt, 

Eastern Libya, Northern Sudan and Northern Chad, and the Post Nubian Aquifer (PNA) occurring to the 

north of the 26th parallel in the Western Desert of Egypt and North Eastern Libya (Figure 2). The two 

systems are separated by low permeability layers of aquitard or confining beds, but hydraulic connection 

exists in the form of upward leakage (CEDARE 2001).  

 

Figure 2. Differentiation of the NSAS into NAS and PNAS 

(Source: CEDARE 2001) 
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1.2 NSAS Development Patterns 

Since major recharge of the NSAS took place in the last pluvial period of the late Quaternary, the aquifer 

system is regarded as a non-renewable groundwater resource. The groundwater potential of the aquifer 

varies significantly across the four Nubian countries. The aquifer is most massive in Libya and parts of 

Egypt, where the aquifer thickness can reach up to 5,000 meters. The total amount of water stored in the 

aquifer has been estimated to be about a half million cubic kilometers. However, only a relatively small 

amount of this can be recovered for technical, environmental, and economic reasons. Based on the more 

optimistic estimates of (CEDARE 2001), the recoverable storage is about 15 thousand cubic kilometers 

(Bakhbakhi 2006, Salem and Pallas 2002). 

Groundwater from the Nubian Aquifer System has been utilized since centuries in Oases all over the area 

through springs, hand-dug boreholes and shallow wells. Large-scale groundwater development projects 

are currently being carried out in Egypt and Libya. NSAS major development areas are shown in Figure 3.  

 
 

Figure 3. NSAS Major Development Areas 

(Compiled from different sources including CEDARE 2001 and GEF 2011) 
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Historical records show a total of 40 Billion m3 of water that has been extracted in the past 40 years in 

Egypt and Libya (CEDARE 2001). Any assessment of the effects of these projects will depend on estimates 

of the total amount of freshwater stored in the aquifer system and on assumptions concerning the 

interrelationships between different parts of the aquifer system. Scientists agree that the NSAS has been 

under unstable conditions (continuously changing aquifer’s state variables) since the beginning of 

economic development in Egypt and Libya (Gossel et al. 2004). An overview is given below for the 

patterns of groundwater development from the NSAS in Egypt and Libya. 

In Egypt, the main source of water is the Nile; however, groundwater is the only source of water outside 

the reach of the river Nile in the Egyptian desert. Groundwater provides only 7% of water demand in the 

country (FAO 2009). Of this, only 1.2% is fossil groundwater from the NSAS (FAO 2009, Foster and Loucks 

2006). In Egypt, intensive groundwater development from the NSAS was initiated in 1960 for irrigation, 

and water supply in the Western Desert Oases (Kharga, Dakhla, Bahareya and Farafra), and started in 

1990 in Siwa Oasis and East Oweinat, and lately Darb El-Arbain area. Exploitation of groundwater has 

been growing in the last 40 years in Egypt, resulting in groundwater levels decline of 60 m in the oases 

from 1960 to 1998 (Khater 2001). All free-flowing wells and springs have been replaced by deep wells 

(Bakhbakhi 2006). Most of the groundwater presently extracted from the NSAS is used mainly for 

agriculture by private farms located in the old traditional oases of the New Valley (Bakhbakhi 2006). The 

role of groundwater has been given more emphasis in recent national water policies and large irrigation 

schemes are under development in the southwestern part of the country at Al Oweinat, in the vicinity of 

traditional irrigated agriculture in the New Valley. In 2003, 4,200 ha were already under irrigation, and it 

is planned to increase this area (Alker 2008, FAO 2009). When fully developed, the New Valley Project will 

extract 540 million m3 from the Dakhla sub-basin (Al-Eryani et al. 2006). Historical, current and planned 

groundwater extractions from the NAS and PNAS development areas in Egypt (1960, 2020) are shown in 

Figure 4 and Figure 5, respectively. 

In Libya, 95% of its water requirements are met from non-renewable groundwater (Foster and Loucks 

,2006). 98% of the pumped groundwater is used in irrigated agriculture, producing more than 60% of the 

country’s crops (FAO 2006). In Libya, groundwater development was initiated in the late 1960s in the 

Sahara desert Oases of Kufra for agricultural purposes, mining, water supply, and petroleum-related 

needs. This was followed in 1970 by large-scale groundwater development projects: Kufra Production 

Project, Kufra Settlement Project, South Sarir, North Sarir, West Sarir and Jalu area (Bakhbakhi 2002). 

Reported decline in water levels are ranging between 10–20 m in the Kufra production project and about 

5m in the Kufra settlement project during the period 1972–1998, creating a cone of depression extending 

about 25 Km in radius. More than 80% of Libya’s population lives in the northern plains, particularly in the 

coastal strip, where the soil is suitable for producing a variety of agricultural products. However, this most 

densely populated region in the north is inadequately supplied with water. The situation has worsened 

when the coastal aquifers became unsuitable for human consumption because of saltwater intrusion 

induced by over-pumping (Salem 2007). Accordingly, the world’s largest groundwater conveyance 

scheme known as the Great Man-Made River Project (GMMR) has been initiated in the early 1990s. The 

fully operational GMMR project is designed to transport eventually about 6.5 million cubic meters per day 

of the Nubian water from the central desert to the coastal areas (Salem 1992, Salem 2007 and MEED 

2011). The FAO country profile indicates some negative impacts of developments for the shallow, non-

renewable aquifers in the south of the country. Severe pollution and a significant groundwater levels 

decline have been reported due to inadequate sanitation and excessive pumping (FAO 2006). Historical, 
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current and planned groundwater extractions from the NAS and PNAS development areas in Libya (1960, 

2020) are shown in Figure 6 and Figure 7, respectively. 

1.3 NSAS Transboundary Management 

Management measures in the case of a transboundary non-renewable aquifer system are essentially 

aquifer-specific. Accordingly, it is important to establish an aquifer management organization that 

coordinates the implementation of plans and management measures to achieve mutual satisfaction 

among countries sharing the aquifer system. During the past four decades, the NSAS sharing countries 

have made separate attempts to develop the Nubian Aquifer. The NSAS countries share similar water 

scarcity conditions; however, each country has its specific development experience. Sharing those 

experiences within a cooperation framework is of vital importance to the sustainable development of the 

NSAS (Khater 2005). Despite the argument that present and planned abstraction schemes from the NSAS 

are so small that regional impact is not very significant and development can proceed according to 

national and local social priorities, optimized use for social development requires socio-political 

cooperation among countries that share the resource (Foster and Loucks, 2006).  

The four NSAS countries have already embarked on a process to cooperate on the management of the 

aquifer system. Egypt and Libya initiated the process of having a transboundary management 

organization in the early 1980s. Efforts have been formalized in1991 with the establishment of the Joint 

Authority for the Study and Development of the NSAS. The agreement providing the constitution of the 

Joint Authority was adopted in 1992 (Salem 2007). Sudan joined the Joint Authority in 1996 and Chad 

followed in 1999 (Khater 2003). The Joint Authority is managed through a board of directors; where each 

member state appoints three ministerial-level members to the Board. The Joint Authority has 

headquarters located in Tripoli, Libya, and administrative secretariat as well as technical and, 

administrative staff. The Joint Authority works through national offices, run by focal point institutions and 

national coordinators in each of the Member States.  
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Figure 4. Groundwater Extractions from the NAS Development Areas in Egypt (1960-2020) 

(Compiled from different sources including CEDARE 2001 and GEF 2011) 

 

 

 

Figure 5. Groundwater Extractions from the PNAS Development Areas in Egypt (1960-2020) 

(Compiled from different sources including CEDARE 2001 and GEF 2011) 
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Figure 6. Groundwater Extractions from the NAS Development Areas in Libya (1960-2020) 

(Compiled from different sources including CEDARE 2001 and GEF 2011) 

 

 

Figure 7. Groundwater Extractions from the PNAS Development Areas in Libya (1960-2020) 

(Compiled from different sources including CEDARE 2001 and GEF 2011) 
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2. Scope of the Report 

The Nubian Sandstone Aquifer System (NSAS) is one of the major transboundary water resources. The 

management organization of the NSAS (for Egypt and Libya) is the subject of this transboundary rapid 

assessment report. Transboundary assessment involves identification of the status of agreements on the 

use of the NSAS, description and appraisal of the transboundary Nubian Monitoring and Evaluation (M&E) 

system; and also includes diagnostic analysis (SWOT) of the shared basin and the relevant aquifer 

management organization.  

In this report, transboundary assessment is conducted through an IWRM analytical framework 

considering the NSAS and its regional management organization. The agreements, which established and 

created the various NSAS institutional arrangements, have been the primary source of information for 

this report. In this respect, the report includes four main sections, namely, ‘IWRM: Transboundary 

Aquifers’, ‘Monitoring and Evaluation’, ‘Information Management’, and ‘SWOT Analysis’. 

The section on ‘IWRM: Transboundary Aquifers’ includes sub-sections on ‘Governance’, ‘Key Players’, and 

‘Finance’. The sub-section on ‘Governance’ introduces an overview of national and transboundary NSAS 

related institutional arrangements for groundwater management in Egypt and Libya. It also provides 

comparative information on various institutional aspects of the Joint Authority for the Study and 

Development of the NSAS (JASAD-NSAS) covering the organogram, mission, mandate, and management 

of the organization. The sub-section on ‘Key Players’ summarizes the evolution of involvement and 

support provided to the NSAS through regional and international organizations. The sub-section on 

‘Finance’ describes the processes of budget, accounts and financial resources of the NSAS’s Joint 

Authority. It also outlines relevant executive regulations for mobilizing financial resources needed to 

implement programs and activities and cooperation projects under the Joint Authority. The section on 

‘Monitoring and Evaluation’ includes sub-sections on ‘Parameters and Indicators’, and ‘Regional 

Modeling’. The sub-section on ‘Parameters and Indicators’ presents the conceived parameters and 

indicators associated with monitoring of the NSAS. It also presents an overview of the NSAS regional 

signed agreements on information exchange and monitoring. The sub-section on ‘Regional Modeling’ 

discusses the role of NSAS applied models as a mutually accepted technical reference for monitoring and 

evaluation. The section on ‘Information Management’ includes sub-sections on ‘Regional Information 

System’ and ‘Transboundary Reporting’. The sub-section on ‘Regional Information System’ presents an 

overview of the NSAS regional cooperation, mechanisms and signed agreements on information 

harmonization, standardization, storage and dissemination through a regional information system, 

emphasizing the important role of information management to achieve transboundary cooperation. The 

sub-section on ‘Transboundary Reporting’ describes the status of NSAS regional reporting procedures 

including the role of the Joint Authority’s national focal institutions and the support of regional and 

international organizations. The section on ‘SWOT Analysis’ provides a diagnostic analysis to evaluate 

negative and positive factors involved in the transboundary management of the NSAS and the relevant 

aquifer management organization. 
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3. IWRM: Transboundary Aquifers 

Integrated water resources management (IWRM) seeks to manage the water resources in a 

comprehensive and holistic way. It therefore has to consider the water resources from a number of 

different perspectives or dimensions (water resources, water stockholders, spatial scales, time 

dimensions) and pays attention to a large number of often-related issues and principles. Some of these 

principles are efficient and equitable water allocation, public health and environmental sustainability, 

institutional arrangements, and international water rights (GWP-TAC4 2000). IWRM decision-making 

would involve the integration of the different objectives where possible, according to societal objectives 

and constraints. 

Integrated management of aquifer systems essentially aims at achieving certain goals through a set of 

decisions related to the operation of the system. Goals can be achieved by different operation policies. 

Such policies are generally based on the driving forces related to socio-economic development. Within a 

national context, most management issues can be addressed under the single national constitution. 

Obviously, this is not the case regarding the management of shared transboundary aquifers, extending 

across two or more national constitutions, where water national policies may have to be adjusted to 

achieve mutual satisfaction among countries sharing the aquifer system (Khater, 2005). 

3.1 Governance 

There is a general agreement in the water community that IWRM provides the only viable way forward 

for sustainable water use and management. Governance provides the context within which IWRM can be 

applied. Water governance relates to the range of political, social, economic and administrative systems 

that are in place to develop and manage water resources and the delivery of water services at different 

levels of society (Rogers & Hall 2003). Thus, governance is the process of decision-making and decisions 

implementation. It is concerned mainly with the institutional setups that are necessary for water 

development and management. 

Institutional frameworks should specify, the exact responsibilities and authority granted to perform tasks 

related to water planning, coordination among various water users, the regulations and enforcement 

mechanism designed to protect and reconcile the interests of all groups and the management of physical 

operations. The existing institutions determine, to a large extent, whether objectives and strategies can 

be achieved in practice. In shared aquifer systems, an understanding of the national institutional 

arrangements for groundwater management is a precondition for developing transboundary 

groundwater management setups (Alker 2008). The following is an overview of national and 

transboundary NSAS related institutional arrangements for groundwater management in Egypt and Libya.  

In Egypt, the legal basis for irrigation and drainage is set in Law No. 12/1984 and its supplementary Law 

No.213/1994 which define the use and management of public and private sector irrigation and drainage 

systems including main canals, feeders and drains. The laws also provide legal directions for the operation 

and maintenance of public and private waterways and specify arrangements for cost recovery in irrigation 

and drainage networks. The most recent water policy was drafted in 1993. It included several strategies 

to ensure satisfying the demands of all water users (IAEA, 2010).  

Institutions in Egypt: 

The Ministry of Water Resources and Irrigation (MWRI) is the prime responsible ministry for water 

resources management. At the decentralized level, MWRI distinguishes 22 Irrigation Directorates, 
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subdivided into 62 Inspectorates and about 206 districts (NWRP 2005). MWRI started a program to 

support improved water resources management focusing on decentralization and integration of water 

resource management. Accordingly, at the district level, irrigation, drainage and groundwater are 

combined into an integrated water management district.  

Groundwater in Egypt is owned by the state and managed by the MWRI. With the establishment of the 

National Water Research Center (NWRC) of the MWRI in 1975, the Research Institute for Groundwater 

(RIGW) has been granted the principal responsibility of conducting applied research pertinent to 

groundwater development and management in Egypt. With the increasing importance of groundwater 

resources in the national water policy, "The Groundwater Sector"(GWS) was established in 1999under the 

Irrigation Department within the MWRI. The GWS is mandated as the focal implementing agency for 

groundwater development and management. Accordingly, the GWS is responsible for policy 

development, control and regulation of groundwater use, including legislative aspects, wells licensing and 

enforcement of groundwater protection laws (NWRP 2005). The IAEA Regional SADA Report has further 

identified the following sectors within MWRI as key sectors in the water sector:  

• The Planning Sector is responsible at central level for data collection, processing and analysis for 

planning and monitoring investment projects. 

• The Sector of Public Works and Water Resources coordinates water resources development works. 

• The Nile Water Sector is in charge of cooperation with Sudan and other Nilotic countries. 

• The Irrigation Department provides technical guidance and monitoring of irrigation development, 

including dams. 

• The Mechanical and Electrical Department is in charge of the construction and maintenance of 

pumping stations for irrigation and drainage. 

 

Institutions in Libya: 

At present, the Ministry of Water Resources, and previously the Secretariat of Agriculture and Animal 

Wealth, is responsible for the development of irrigated agriculture and the implementation of major 

irrigation projects. The General Water Authority (GWA) has been appointed as the water resources focal 

institution. Groundwater in Libya is owned by the state and has been managed by GWA. The General 

Water Authority (GWA) was established in 1972 as a central body with the head office in Tripoli and five 

branch offices. GWA is responsible for assessment, monitoring, development, planning and management 

of water resources. GWA als o Investigates, designs, licensing, and supervises implementation of all water 

resources projects in Libya. The Authority is entrusted to control and regulate groundwater extractions 

and groundwater use, including legislative aspects and enforcement of laws. The Authority is organized 

into six General Directorates: Planning; Follow-up and Statistics; Water Resources; Dams, Irrigation and 

Drainage; Soils; and Finance and Administration (FAO 2006). 

  

For the Man-Made River Project, a special authority, the “The Man-Made River Water Utilization 

Authority” (MmRA), was established in 1983. MmRA is supervising the whole project and mainly 

concerned with drilling and construction of the well fields, pipelines, reservoirs, pumping stations and 

other related works to transport water to the coastal areas for irrigation and domestic uses. MmRA is also 

responsible for operation and maintenance of the water conveyance system (Bakhbakhi 2009). 
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Eventually, the MmRA was divided into three independent authorities (Sahl Benghazi, Central Region and 

JefaraHasawna System). 

 

Transboundary Organization: 

The riparian countries have created a promising institutional environment for mutual cooperation in use 

of the NSAS. They have institutionalized this cooperation through the Joint Authority. Hence, all the NSAS 

countries are members of the Joint Authority and mutually acknowledge the significant role of having 

such regional transboundary management organization.  

3.1.1 JASAD-NSAS Organogram 

According to its internal code, since the full membership of the four countries has been completed in 

1999, the Joint Authority for the Study and Development of the NSAS (JASAD-NSAS) has a board of 

directors consisting of three members for each country. JASAD-NSAS has headquarters located in Tripoli, 

Libya, which is run through an executive director who is appointed by the board, with administrative 

secretariat and technical staff. JASAD-NSAS has a focal national office and national coordinator in each of 

the member countries, with management and technical staff (NSASJA 2013). The JASAD-NSAS 

organogram is illustrated in Figure 8. 

3.1.2Mission and Mandate 

From the standpoint of governance, the mission of the Joint Authority for the Study and Development of 

the NSAS is to provide regional legal and institutional mechanisms necessary to formalize NSAS regional 

cooperation. Therefore, the Joint Authority mandate is to collaborate and develop co-operative activities 

for the sustainable mutual development of the NSAS, including monitoring the status of utilization of the 

Aquifer, and evaluation of the progress and activities enacted on the regional and national levels (Khater, 

2005).  

According to the internal Regulation, the Joint Authority is responsible for collecting, analyzing and 

updating data, conducting supplementary studies, formulating plans and programs for water resources 

development and utilization, suggesting necessary frameworks for implementation of common 

groundwater management policies, pursuing of scientific based water management approaches, training 

technical personnel and habitation activities concerning water resources, rationing the aquifer watering 

the Member States, studying the environmental aspects of water resources development, organizing 

symposiums and disseminating relevant information, and consolidating relationships with relevant 

regional and international organizations (Yamada 2004, Salem 2007, and Joint Authority Agreement 

1992). 

3.1.3 Departments and Management 

The Joint Authority for the Study and Development of the Nubian Sandstone Aquifer System (JASAD-

NSAS) is managed through a Board of directors; where each country appoints three ministerial-level 

members to the Board. Each member state chairs the board of directors on rotational basis. Meetings of 

the Board of Directors are held on regular basis, and extraordinary meetings may be held at the request 

of a Member State. Attendance by two-thirds of the members from each country constitutes a quorum 

for the purposes of holding a Board meeting. The Board takes decisions by a majority vote. The Chairman 

of the Board represents the Joint Authority in its relationships with third parties and before courts, and, 

upon the recommendations of the Board of Directors, can sign contracts on behalf of the Joint Authority. 
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The Chairman of the Board of Directors is also authorized to invite representatives of international 

organizations and donor institutions to attend the Board of Directors’ meetings as observers (Joint 

Authority Agreement 1992). 

The Joint Authority headquarters, located in Tripoli, Libya, has been officially approved by the Agreement 

on Domicile signed between the Libyan Government and the Joint Authority in 2006 (Annex II). The 

official approval is based on the original 1991 Joint Authority Agreement (NSAS Agreement 1991). The 

headquarters is run through an executive director who is appointed by the board, assisted by 

administrative secretariat and technical staff. Duties undertaken by the executive director include 

arrangement for Board meetings, preparation of annual budget, meeting minutes and progress reports; 

follow up on Implementation of Board decisions; and direct supervision of and reporting on the technical, 

administrative and financial aspects. 

On the national level, the Joint Authority works through focal national offices, and national coordinators 

in each of the Member States who are appointed by the relevant ministries in each country. The focal 

institutions are: the Research Institute for Groundwater (Egypt), the General Water Authority (Libya), the 

Technical Water Resources Authority (Sudan), and the Directorate de l‘Hudraulique, le Ministère de 

l‘Environement et de l‘Eau (Chad). The heads of these institutions function as the national coordinators 

who are assisted by national management and technical staff. 
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Figure 8. JASAD-NSAS Organogram 

(Source: nsasja.org accessed 1/11/2012)   

 

3.2 Key Players 

The mutual interest in regional cooperation in studying and developing the shared Nubian aquifer goes 

back to the early seventies. In 1972, UNESCO with the participation of Egypt, Libya and Sudan, sponsored 

in Cairo the first meeting for the preparation of a regional project to assess groundwater resources in the 

Nubian Sandstone Aquifer. In 1977, a proposal entitled “Management of the major regional aquifer in 

North-East Africa and the Arabian peninsula” was presented at the United Nations Conference on 

Desertification in Nairobi (Khater 2003). In 1980, the United Nations’ Department for Technical 

Cooperation for Development provided a 3 years support to the coordination machinery of the 

“Transnational Project on the Major Regional Aquifer in North-East Africa”. The project coordination 

machinery then continued until the beginning of 1988 with support from UNEP and UNDP (Khater 2003). 
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During the Egyptian-Libyan Cooperation Council meeting in October 1992, the Joint Authority for the 

Study and Development of the Nubian Sandstone Aquifer has been established acknowledging 

institutional arrangement for joint management of the NSAS. In 1994, the Center for Environment and 

Development for the Arab Region and Europe (CEDARE), the Sahara and Sahel Observatory (SSO) and the 

International Fund for Agricultural Development (IFAD), among others, joined forces to develop a regional 

cooperation program “Regional Strategy for the Utilization of the Nubian Sandstone Aquifer System”. The 

regional program, with active participation from the Joint Authority and the focal national institutions in 

the four countries sharing the aquifer system, was successfully implemented during the period 1994-2001 

(Khater 2005). 

The support provided from regional and international organizations plays a major role in sustaining 

mechanisms of regional cooperation for the joint management of the Nubian system. Regional technical 

cooperation programs provided through the International Atomic Energy Agency (IAEA) has helped to 

improve the overall understanding of the NSAS and to set the basis for a broader recent regional project. 

In this respect, the IAEA with the NSAS countries worked on developing a strategic partnership with 

United Nations Development Program and the Global Environment Facility (UNDP/GEF) in terms of a 

Medium Sized Project (MSP) entitled “Action Program for the Integrated Management of the Shared 

Nubian Aquifer”. This MSP was officially launched in 2006 and concluded in 2011 (Khater 2009). 

3.3 Finance 

The Executive Regulation of the Joint Authority (Annex I) has an explicit chapter addressing budget, 

accounts and finance. Accordingly, financial resources of the Authority are identified to consist of the 

annual contributions of the member countries, in addition to grants from national, regional and 

international organizations and donor states. The annual operating budget for the headquarters and the 

national offices is prepared by the Executive Director, three months before the start of Authority's 

financial year, and submitted to the Board for endorsement. According to the minutes of the 13th meeting 

of the Board of Directors in February 2012, the approved operating budget for the headquarters and 

national offices for 2012 is US $ 18000. 

Articles of the Regulation declare that governments of the member countries shall bear the full operating 

budget of the Authority headquarters in proportions to be identified by the Board. Under the Regulation, 

each of the Member States is committed to allocate the resources needed to effectively undertake its 

duties and fulfill its obligations within their respective countries. Therefore, governments shall also fulfill 

financial commitments towards operating budget of the national office in each country. The Authority's 

financial year starts and ends with the start and end of the financial year of the country of seat (Libya). 

Financial Regulations authorize the Authority to have accounts in a transferable foreign currency and 

local currency in one of the banks working in the Authority’s country of seat.  

The Authority receives and deposits in the said accounts its annual budget. National offices of the 

Authority have similar accounts in their countries. The Board is also responsible for appointing external 

auditors to review annual statements of accounts. No authorization shall be given to expend from the 

Authority budget except within the items prescribed in the budget and no expenditure may be used for a 

purpose other than that assigned by the Board. Each Member State is responsible for covering the costs 

incurred by its delegation and related advisors in attending the Board meetings or participating in 

pertinent activities. In addition, Member States that host particular Joint Authority meeting are 

responsible for all costs associated with securing a venue for the meeting. Otherwise, all other costs 
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incurred or liabilities accepted by the Board in the performance of its duties are covered from the 

operating budget. 

The Joint Authority is responsible for mobilizing financial resources needed to implement its programs 

and projects. However, activities and projects under the Joint Authority may also be funded by money 

legitimately solicited from other sources, such as the international donor organizations. UNEP, IFAD, IAEA, 

UNDP, GEF and UNESCO are major source of funding for transboundary management projects in the 

NSAS. In the Regional Programme (2006-2011), developed and implemented with the overall objective of 

the formulation of an action programme for integrated management of the shared Nubian aquifer 

(IAEA/UNDP/GEF/UNESCO), NSAS Member States contributed approximately US $6.3 million combined, 

while grants from donors totaled approximately US $1.7 million. 
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4. Monitoring and Evaluation  

Monitoring is comprehended as the process of repetitive observing, for defined purposes of one or more 

elements of the environment in space and time, using comparable methodologies for data collection. 

Evaluation can be defined as the assessment of the state variables of groundwater in relation to the 

background conditions, human effects, and the actual or intended uses. One major purpose of monitoring 

is to enable evaluation of the current state of water quantity and quality and their variability in space and 

time. The process for monitoring and evaluation in transboundary aquifers is a cycle of dependent 

activities that countries will have to study jointly to determine the specific long-term evolution of aquifers 

characteristics and behavior (UN/ECE 2000). 

4.1 Parameters and Indicators 

In the framework of the NSAS Regional Cooperation Program (1994-2001), the members of the Joint 

Authority signed two agreements in the year 2000 dealing with activities to be undertaken by each 

member nation of the Authority through focal national offices, in each of the Member States. The first 

agreement is concerned with monitoring and exchange of groundwater information within each nation, 

the second contained regulations for continuous monitoring of the aquifer and a sharing of data via an 

update of regional information systems. Parameters and indicators for regional monitoring and 

evaluation are first identified in the signed agreements. The agreements are perceived as first steps in 

establishing a permanent mechanism for regional cooperation (Puri 2001).  

The signed agreement #1 (Joint Authority Agreement, 2000a), “Terms of Reference for the Monitoring 

and Exchange of Groundwater Information of the Nubian Sandstone Aquifer System”, declared that the 

Regional Information System, called the Nubian Aquifer Regional Information System (NARIS), has 

enabled storage, processing, analysis and display of data; pre-processing, calibration and post-processing 

of the groundwater model; and provision of a set up data exchange and flow of information. The four 

countries agreed to share information on development aspects including socioeconomic data, 

management of harsh environment, drilling experiences, meteorological data, etc. and also agreed to 

update the system. 

The signed agreement #2 (Joint Authority Agreement, 2000b), “Terms of reference for Monitoring and 

Data Sharing” acknowledged that monitoring of the NSAS is essential to achieve sustainable development 

and management of the aquifer system. The four countries agreed to monitor and share the following 

parameters:  

• Yearly extraction specifying geographical location and number of producing wells and springs in each 

site. 

• Representative Electrical Conductivity measurements (EC), taken once a year in each extraction site, 

followed by a complete chemical analysis if drastic changes in salinity are observed. 

• Water level measurements taken twice a year in the locations shown in the attached maps and 

tables. The proposed monitoring network is subject to changes upon the feedback of the National 

Coordinators of the concerned countries. 

Accordingly, the two agreements, signed within the Regional Cooperation Program (1994-2001), have 

declared the consent of the NSAS countries to transboundary monitoring and exchange of groundwater 
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information through a Regional Information System and according to a specified setup, delineating types, 

location and frequency of monitoring parameters (Annexes III and IV). However, the two agreements are 

perceived as first steps in establishing a permanent mechanism for regional cooperation on 

transboundary monitoring and evaluation.  

Monitoring and evaluation have been also part of the NSAS Regional Cooperation Program (2006-2011). 

Within this regional program, the process of identifying priority transboundary concerns was initiated 

with the application of Shared Aquifer Diagnostic Analysis (SADA). The analysis is carried out focusing on 

transboundary issues which originate in or are contributed by one country and can affect or impact other 

countries sharing the aquifer system (RIGW, 2009). This is achieved without ignoring national concerns 

and priorities. Each country of the four Nubian countries conducted its own national SADA analysis and 

consultation meetings with relevant stakeholders, the results of which were included in the SADA 

national report. National SADA reports were prepared to present baseline data on each country and 

present their national perspectives on priority transboundary issues (RIGW, 2009 and Bakhbakhi 2009). 

The findings of the national reports provided the basis for developing regional perspectives presented in 

the Regional SADA report (IAEA/UNDP/GEF, 2011a). High priority transboundary parameters have been 

identified through the SADA process which revealed two critically important aspects relevant to the 

monitoring and evaluation: (1) NSAS priority threats have not yet, according to national SADA reports, 

resulted in transboundary impairment; and (2) the risk of transboundary causes for the identified threats 

is low. These findings provide the Nubian countries the unique opportunity to prevent rather than 

mitigate resource impairment (IAEA/UNDP/GEF, 2011a). The SADA process has led to the selection of the 

following high priority transboundary parameters and indicators:  

• Declining water levels (this is directly related to abstraction) 

• Water quality deterioration (Salinization, and Total Dissolved Solids)  

• Changes in groundwater regime, steep gradients towards production wells could lead into 

widespread depression cones which in turn, may reverse the groundwater flow in some locations  

• Damage or loss to ecosystems and biodiversity (oases are highly vulnerable to water level declines 

and practically all well fields are located in or near oases) 

• Climate change impacts (no Defined indicators) 

 

Following to a successful preparation of the SADA, the next major step of the project implementation was 

the formulation of the regional Strategic Action Program (SAP). The SAP sets out specific actions for each 

country that can be adopted nationally through National Action Programs, but harmonized with the other 

concerned countries sharing the source of water (RIGW, 2010). The development of SAP distinguishes 

regional management actions and targets in order to reach the expected objectives (IAEA/UNDP/GEF, 

2011b). The regional SAP recognizes monitoring and data management as one of the cross-cutting classes 

of actions providing the SAP implementation structure. Such recognition is manifested by the targets 

adopted by the Joint Authority emphasizing the following relevant actions: 

• Revive and update previously signed agreements on groundwater monitoring and data exchange and 

to supply the Joint Authority with monitoring data and information according to the provisions of the 

agreements;  
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• Review and update existing protocols and monitoring methods ensuring compatibility of data and 

implementation of harmonized routine regional monitoring covering water level, abstraction, and 

quality;  

• Expand monitoring activities to include the ecosystem and NSAS dependent biodiversity; 

• Develop and implement protocols for monitoring socio-economic development consistent across 

NSAS region; 

• Agree on parameters for monitoring the direct and indirect impacts of climate change on the NSAS 

and its ecosystem. 

According to the above mentioned regional cooperation programs, monitoring and evaluation, on the 

national level, is the responsibility of the Joint Authority’s national offices in each country: the Research 

Institute for Groundwater (Egypt), the General Water Authority (Libya), the Non-Nile Waters Directorate 

(Sudan), and the Directorate de l‘Hudraulique, le Ministère de l‘Environement et de l‘Eau (Chad). The 

heads of these institutions function as the national coordinators who are assisted by national 

management and technical staff to undertake pertinent activities.  

The regional cooperation programs made important advances with respect to the development of inter-

state understanding of transboundary monitoring and evaluation. However, despite the signed 

agreements in 2000, the four countries continued to carry out monitoring and evaluation in a routine 

national context. Creation of an enabling environment for monitoring and evaluation remains a major 

concern. Apparently, the NSAS countries and the Joint Authority adapt comfortably to monitoring and 

evaluation in a regional context only when it is carried out within a regional cooperation program 

facilitated with the involvement of regional and international organizations. However, recently, the Joint 

Authority agreed to evaluate the properness of the national and regional monitoring activities with 

respect to  monitoring objectives in the most up-to-date and effective manner. 

The following transboundary parameters and indicators are recommended and could be presented in a 

map format 

1. Water abstractions 

2. Groundwater levels 

3. Drawdown 

4. Depth to groundwater 

5. Depth to Confining Layer 

6. Depth to basement water thickness  

7. Water quality 

8. Extraction Zones  

9. Initial Water Levels before Development 

 

Figures 9 through 20 are samples of the above important indicators presented in a map format.   

The following transboundary parameters and indicators which focus on to the non-renewable nature of 

NSAS are recommended 
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1. Safe Yield 

2. Sustainability period 

3. Maximum allowable drawdown 

 

 

 

Figure 9. Water quality in NSAS (TDS in ppm) 

(Source: AbuZeid, K. et al, 2002)   
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Figure 10. Water levels in Nubian Aquifer (1990) 

(Source: AbuZeid, K. et al, 2002)   
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Figure 11. Water levels in Post Nubian Aquifer (1990) 

(Source: AbuZeid, K. et al, 2002)   
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Figure 12. Depths to water in Nubian Aquifer (2000) 

(Source: AbuZeid, K. et al, 2002)   
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Figure 13. Depths to water in Post Nubian Aquifer (2000) 

(Source: AbuZeid, K. et al, 2002) 
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Figure 14. Intitial Water Levels before Development 

(Source: AbuZeid, K. et al, 2002) 
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Figure 15. Extraction zones of the Nubian Aquifer 

(Source: AbuZeid, K. et al, 2002) 
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Figure 16. Extraction Zones in the Post Nubian Aquifer 

(Source: AbuZeid, K. et al, 2002) 
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Figure 17. Nubian Modeled Drawdown 

(Source: AbuZeid, K. et al, 2002) 
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Figure 18. Post Nubian Modeled Drawdown 

(Source: AbuZeid, K. et al, 2002) 
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Figure 19. Nubian Depth to Water Thickness 

(Source: AbuZeid, K. et al, 2002) 
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Figure 20. Post Nubian Depth to Water Thickness 

4.2 Regional Modeling 

Models are useful tools for monitoring and evaluation because they allow probing the potential impacts 

of pumping variations on the overall groundwater-flow system. Within this function, groundwater-flow 

modeling in transboundary aquifers plays an integrative role; when model predictions are tested, the 

results frequently lead to re-evaluation, reconsideration, and quantitative adjustments of the 

understanding of the hydrogeological regime. Groundwater models have benefits that extend beyond 

simply predicting groundwater movement and contaminant transport. Properly calibrated models help to 

prioritize data-collection activities and provide a method for forecasting future conditions under 

alternative development scenarios. They provide mutually accepted sophisticated method to evaluate the 

cumulative impacts that arise from the many pumping sites and groundwater-dependent development 

areas. 

Numerical models to understand the behavior of the NSAS have been produced since the 1970s and fall 

into the general categories of local models to predict the effects of pumping wells, and regional models to 

characterize the larger scale behavior of the aquifer system. Of direct interest to the regional-scale 

modeling studies are the 1980’s pioneering work of regional models for the NSAS at the Technical 

University of Berlin, Germany (Heinl et al. 1989). Their efforts have argued that groundwater must have 

been recharged in past pluvial periods and confirmed the gradual draining of the aquifer through the 

natural discharges of springs, oases, and sabkhas. Moreover, these efforts realized that the relatively 

recent advent of pumping has not significantly disturbed groundwater levels. A comprehensive regional 

modeling effort was undertaken in the (1994-2001) Regional Cooperation Program (CEDARE 2001). This 

effort aimed to develop a model that could be used as a mutually accepted technical reference for 

discussions of transboundary issues among the four NSAS countries. An important contribution of this 

effort was to describe and organize all of the existing data into geographic information system (GIS) 

database, thereby providing ready access to spatially referenced data and allowing reproducibility of 
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modeling efforts. The latest regional modeling effort was undertaken in the (2006-2011) Regional 

Cooperation Program (IAEA / UNDP / GEF 2011a). The model developed for this project builds on the 

earlier models with additional innovations regarding dimensionality, consideration of vertical flow, 

tracing the movement of water masses over time, and application of advanced isotopic technique for 

dating very old waters.  

Regional modeling of the NSAS was conducted to provide an objective, technical basis which would have 

the capability to predict the extent of transboundary drawdowns under a variety of future abstraction 

scenarios, and to evaluate the priority threats determined through the Shared Aquifer Diagnostic Analysis 

(SADA). Once calibrated, the model was used to forecast regional drawdown over the one hundred year 

period from the time of pre-development in 1960 to 2060. Obtained results in terms of predicted 

drawdowns indicate that transboundary drawdown is not a significant threat to the NSAS region. By 2060, 

a one meter predicted drawdown has been encountered in the pumping centers located near the 

national political borders (Jaghboub in Libya and Siwa and East Oweinat in Egypt), with insignificant 

transboundary drawdown. The highest-capacity pumping centers of Sarir and Kufra in Libya and Dakhla in 

Egypt produce significant local drawdowns, but the lateral extent of drawdowns toward national borders 

is insignificant. However, localized drawdown in pumping locations is excessive (IAEA / UNDP / GEF 

2011a). The magnitude or even existence of transboundary effects can only be evaluated using a set of 

analytical tools agreed upon by member countries and subject to open and transparent analysis. The 

modeling efforts undertaken in this project made several important contributions to transboundary 

analysis and NSAS evaluation. The model created a platform agreed upon by all countries through which 

data can be shared and interpreted in an open, transparent manner. Modeling efforts contribute to 

strengthening the role of the Joint Authority in shaping cooperative NSAS monitoring and evaluation. 

Modeling results can help to assess the regional monitoring network coverage and technical basis for 

cooperation between the sharing countries.  

It is recommended that regional monitoring and evaluation activities should be considered in the longer 

term. There are many reasons for this; mainly, that seeking sustainable finances and stakeholder support 

is generally a time consuming process. Apart from this, a fundamental reason for extending activities to 

the long term is that aquifer systems respond more slowly compared to surface water systems. 

Consequently, the management and monitoring of transboundary aquifers are closely linked and have to 

be viewed in that perspective. 
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5. Information Management 

Groundwater management either within the national or in the shared transboundary context is very 

much about making informed decisions. Informed decisions can only be made by using relevant and up to 

date information based on collected and analyzed groundwater data. Transboundary Aquifer resources 

management should put priority in generating this information based on mutually accepted standards 

and make it accessible in a uniform and transparent way. Special effort should be placed in delivering 

information symmetrically to all stakeholders via various channels and at various platforms. One of the 

most complicating aspects is the large number of factors that determines the status of a groundwater 

system, making monitoring of groundwater use complicated and costly. However, sound monitoring data 

is therefore an essential prerequisite to implementing any form of transboundary governance. Data 

harmonization and information management are important in the shared transboundary context. They 

are difficult to carry out without establishment of regional agreements and frameworks providing for 

institutional mechanisms (Khater 2003). The four NSAS countries have already embarked on an 

institutional mechanism to cooperate on information management by establishing the Joint Authority for 

the Study and Development of the Nubian Sandstone Aquifer System. On the other hand, the joint 

regional cooperation projects in the NSAS bear also evidence of acceptance of the obligation to exchange 

available data and information on the shared water resource. 

5.1Regional Information System 

The Regional Cooperation Project (1994–2001) has been developed and implemented with the overall 

objective of the formulation of a regional strategy for the sustainable utilization of the Nubian Sandstone 

Aquifer System (CEDARE 2001). The project included collection of data by the focal institutions in each 

country. These data were all assessed, verified and digitized. The verified data was reformatted, 

harmonized and standardized then stored in a unified form. This information comprise: geography, 

geomorphology, hydrography, geology, hydrogeology, meteorological data, aquifer extent and 

boundaries, hydraulic parameters, groundwater levels, groundwater extractions, groundwater quality, 

and potential of aquifer resources. In 2000, under the umbrella of the project, two agreements 

addressing information management were signed by the four countries. The first (Joint Authority 

Agreement 2000a) is on monitoring and exchange of groundwater information through the Nubian 

Aquifer Regional Information System (NARIS). The second agreement (Joint Authority Agreement 2000b) 

is on monitoring and data sharing. It establishes obligations of continuous monitoring of the aquifer and 

sets out the detailed monitoring parameters in terms of site specific yearly extractions, salinity 

measurements, and water level measurements. 

The two agreements signed by representatives of the four NSAS countries define an agreed upon regional 

mechanism for data sharing and exchange of updated information through the developed Regional 

Information System (NARIS). The function of NARIS is to store, process, analyze, and display basic data 

and information covering all fields relevant to the aquifer system and development aspects including 

socio-economic data. The System was developed to provide an information management platform in a 

User Friendly Interface that enables easy entry, retrieval, querying of information and production of 

reports (Annex V). It provides a tool for information-based decision making processes within the NSAS. 

According to the first agreement, the sharing of information should be accomplished according to the 

setup of an Internet Environment - Server and access through the Internet. In this protocol the data 

should be stored on a server and accessed through the internet by the four countries through web-based 

Oracle. A level of security is maintained in this technique, so that access is enabled only to the four 



 

 

 Page 42 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

countries. The overall system architecture includes: Unix Workstation (Server); Oracle Engine (Developer 

Server and Oracle Web Server); and Lease Line.  

The first agreement also suggested that CEDARE could be hosting the data on its server for one year as a 

testing and transition phase, at a certain annual cost which will include all the technical support for 

running the System on its workstation, Software and Hardware maintenance, and Internet leased line. 

After this first year, the same setup could be founded in the Joint Authority of the NSAS. By completion of 

the project, neither CEDARE nor the Join Authority was able to host NARIS because of financial 

constraints. However, NARIS was made available to the NSAS countries so that each country can establish 

a national mechanism for data entry, data update and data transfer into the computerized databases. 

NARIS is only fed with historic records and still needs to be updated with new data sets and data analysis 

and manipulation requires high skills which are expensive and difficult to find. 

The Regional Cooperation Project (2006-2011) has been developed and implemented with the overall 

objective of the formulation of an action programme for integrated management of the shared Nubian 

aquifer (GEF-IW: LEARN 2011). The project activities and pertinent analysis build and capitalize on the 

data consolidated in the NARIS information system. The Project outputs emphasized the important role of 

information management to achieve transboundary cooperation. Reviving and updating of NARIS has 

been a unanimous requirement raised by the Project’s national teams in the four NSAS countries. 

The Joint Authority considers that NARIS should serve as an effective decision-making tool for the 

sustainable management of the NSAS. However, the application and maintenance of NARIS in its original 

form is subject to severe limitations and difficulties. The Joint Authority provides institutional structure 

for joint management and it remains a successful forum for information collection and exchange. 

Accordingly, necessary funds were recently made available and the Joint Authority has been tasked to 

commission specialists to enhance NARIS to a web-based information system guarantees updated data-

sets. The modified NARIS is expected to be operational before mid-2013 at the Joint Authority 

headquarters.  

5.2Transboundary Reporting 

The support of regional and international organizations has always played a major role in the NSAS 

regional cooperation with respect to data sharing, transboundary monitoring, regional modeling, and 

production of regional transboundary technical reports. This is manifested by the series of regional 

reports produced through the regional cooperation projects that were undertaken jointly with the NSAS 

sharing countries and the Joint Authority by CEDARE during the period 1994 – 2001 (CEDARE 2001), and 

by IAEA/UNDP/GEF during the period 2006 – 2011 (GEF-IW: LEARN 2011). 

Technical responsibilities of the Joint Authority’s national offices comprise monitoring, data collection 

and interpretation, and periodical reporting. Reporting information is the final step in the data 

management programme and links the gathering of information to the information users. To distribute 

the information, reports should be prepared on a regular basis. Annual technical reports are produced by 

the national focal institutions in each country and submitted to the Joint Authority headquarters. 

National reports are synthesized by the executive director in a regional transboundary summary report 

that is presented and discussed in Board meetings. However, the Joint Authority member states 

recognize the need to consider setting up transboundary reporting procedures for joint basin 

management. Such uniform reporting procedures require comparable information and compatible 
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assessment methods and data management systems. Monitoring campaigns in the NSAS countries should 

be as much as possible synchronized and the data should be exchanged between the countries at regular 

intervals. Harmonizing such monitoring, observation and information systems for the NSAS are difficult, 

lengthy and expensive operations, which however are necessary for a complete joint efficient sharing of 

the data and knowledge, as well as the adoption of common standards for transboundary reporting.  

The conversion of data into information involves data analysis and interpretation. The data analysis 

should be embedded in a Data Analysis Protocol (DAP) which clearly defines a data analysis strategy and 

takes into account the specific characteristics of the data concerned, such as missing data, detection 

limits, censored data, data outliers, non-normality and serial correlation. The adoption of DAPs gives the 

data-gathering institution and/or the Joint Authority certain flexibility in its data analysis procedures. The 

DAP may be extended to reporting formats for the resulting information. A reporting protocol can help to 

define the different characteristics for each use and should include certain guidelines regarding frequency 

of production, information content/detail and presentation format. The reporting frequency and the level 

of detail depend on the use of the information. Technical staff will need detailed reports more frequently 

than policy makers. 
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6. SWOT Analysis 

The following section includes SWOT analysis of the Nubian Sandstone Aquifer System (NSAS) and the 

Joint Authority for the Study and Development of the Nubian Sandstone Aquifer System (JASAD-NSAS), 

being the regional management organization of the aquifer system: 

Strengths 

• All riparian countries of the NSAS are members 

of the Joint Authority and mutually 

acknowledge the significant role of having such 

regional transboundary management 

organization. 

• The NSAS riparian countries have 

institutionalized their cooperation through the 

Joint Authority and the related national 

organizational bodies. 

• Cooperation concerning the use of the NSAS is 

a strategic choice for the riparian countries that 

have created a promising institutional 

environment for mutual cooperation. 

• Signed agreements on monitoring and 

exchange of groundwater information within 

each nation, and on regulations for continuous 

monitoring of the aquifer and a sharing of data 

via an updated regional information system 

(NARIS). 

• The Executive Regulation of the Joint Authority 

has an explicit chapter addressing budget, 

accounts and finance. Financial resources of the 

Authority are identified to consist of the annual 

contributions of the member countries, in 

addition to grants from national, regional and 

international organizations and donor states.    

• Analysis shows that the topics discussed among 

the NSAS riparian countries go beyond 

hydrogeological and technical issues to include 

the socio-economic, environmental, legal and 

institutional dimensions of groundwater use in 

the region. 

• The support of regional and international 

Weaknesses 

• Although the NSAS has been the subject of 

numerous studies, the lack of area-wide data 

concerning geological structures, hydraulic 

parameters, and the geometry of various water-

bearing strata throughout the basin has led to a 

relatively high level of uncertainty. 

• The signed agreements are perceived as first 

steps in establishing a permanent mechanism, 

however, the challenge ahead will be to anchor 

these initiatives on the national levels. 

• The application and maintenance of NARIS in its 

original form is subject to severe limitations and 

difficulties and needs to be enhanced to a web-

based information system, to facilitate 

information sharing and joint transboundary 

management. 

• The major challenge appears to lie in improving 

the interface between monitoring and decision-

making in order to react to changes within the 

system and to arrive at decisions based on 

reliable monitoring results. 

• The extent to which joint management issues 

are actually reflected in national policy making 

cannot be fully assessed. 

• Harmonizing monitoring, observation and 

information systems for the NSAS is difficult, 

lengthy and expensive operations, which 

however are necessary for the adoption of 

common standards for transboundary reporting. 

• The Joint Authority is responsible for mobilizing 

financial resources needed to implement its 

programs and projects; therefore, financial 

constraints could impede the joint work. 

• Growing pressure on the NSAS and lack of 
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organizations is playing a major role in keeping 

the momentum for sustainable and continued 

mechanisms of regional cooperation for the 

shared management of the NSAS. 

• Regional cooperation projects have contributed 

to better understanding of the NSAS and 

recently to prioritize transboundary threats and 

their causes, fill key information gaps, prepare 

a Strategic Action Program, and establish a 

framework for its implementation. 

• The Joint Authority is an important part of 

Africa’s institutional architecture for 

transboundary water management. While it 

may not yet have the authority to implement 

management decisions, it remains a successful 

forum for information collection and exchange. 

coordinated management of shared 

groundwater and related land resources in the 

NSAS region can result in loss of water 

resources, productive land and life-supporting 

eco-systems. 

Opportunities 

• The support of regional and international 

organizations and the associated successful 

regional cooperation projects provide evidence 

to possible direction of further regional and 

international assistance towards enhancement 

and strengthening of the Joint Authority legal 

and institutional framework to achieve a joint 

four-partite management of the NSAS.  

• Since the NSAS is one of ten transboundary 

water basins selected by African Ministers’ 

Council on Water (AMCOW) within the 

framework of New Partnership for Africa’s 

Development (NEPAD) to receive support from 

the African Water Facility, further activities in 

joint monitoring and evaluation as well as 

strategic development can be expected. 

• Joint management should lead to identification 

of mutual opportunities for development and 

investments for socio-economic development 

with poverty alleviation, based on efficient and 

equitable utilization of shared aquifer 

resources. 

 

Threats 

• Development of the NSAS is a matter of national 

security, especially for Egypt and Libya; 

therefore, decisions concerning groundwater 

development projects are politically highly 

sensitive. 

• Major threats are concerned with the political 

vulnerabilities and volatility of the NSAS region 

as well as the past and present conflicts within 

and among the Nubian states. 

• While the incentives for cooperation are similar, 

they are not equally strong for each riparian 

state: in each case, the capacity to pursue 

national interests differs substantially in practice 

depending on economic disparities and political 

power and stability. 

• Functions of the Joint Authority can be hindered 

by the lack of clear definition of institutional 

responsibilities, functions and jurisdictions 

within the various concerned water institutions 

in each country. 

• The growing population and related increasing 

water demand, and climate change impacts may 
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increase the NSAS uses and rates of depletion, 

thus increasing complexity and challenges of the 

aquifer management.  

• In the absence of joint management there is risk 

to impose high social and economic cost and 

incur loss of resources and benefits. 

    

 

 

 

 

 

 

 

 

 

  



 

 

 Page 47 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

7. References 

AbuZeid, K. et al, 2002, Nubian Sandstone Aquifer Response under Regional Development, Arab Water 

Conference, Egypt. 

Al-Eryani, M., B. Appelgren, and S. Foster, 2006, Social and economic dimensions of non-renewable 

resources, in: S. Foster and D. P. Loucks (eds.), Nonrenewable Groundwater Resources: A Guidebook on 

Socially Sustainable Management for Water-Policy Makers, Paris: UNESCO (IHP-VI series on groundwater 

10), 25–34 

Alghariani A., 1999, The North African Aquifer System: A Reason for Cooperation and  

A Trigger for Conflict. Proc. Int. Conf. ‘Regional Aquifer Systems – Managing Non-Renewable Resources’ 

(Tripoli, Nov. 1999).UNESCO/IHP-V Technical Documents in Hydrology 42. 

Alker, M.2008, The Nubian Sandstone Aquifer System, A case study for the research project 

“Transboundary groundwater management in Africa”, in: W. Scheumann and E.Herrfahrdt-Pähle (eds.), 

German Development Institute, Bonn, 231-274 

Bakhbakhi, M. 2009, "Formulation of an Action Programme for the Integrated Management of the Shared 

Nubian Aquifer" IAEA/UNDP/GEF Medium Sized Project; NSAS Shared Aquifer Diagnostic Analysis (SADA), 

Libyan National SADA Report. 

Bakhbakhi, M. 2006, Nubian Sandstone Aquifer System, in: S. Foster / D. P.Loucks (eds.), Non-renewable 

Groundwater Resources: A Guidebook on Socially Sustainable Management for Water-Policy Makers, 

Paris: UNESCO (IHP-VI series ongroundwater10), 75–81. 

Bakhbakhi, M. 2002, Hydrogeological framework of the Nubian Sandstone Aquifer System, Proceedings of 

the International Workshop on ‘Managing Shared Aquifer Resources in Africa’, held in Tripoli, 2– 4 June 

2002 , Published In ISARM-AFRICA, Managing of Shared Aquifer Resources in Africa, Bo Appelgren (ed.) 

UNESCO 2004, (IHP-VI series on groundwater 8), 177–201. 

CEDARE & ESCWA, 2008, Nubian Aquifer Status Report. 

CEDARE, 2001, Regional strategy for the Utilization of the Nubian sandstone Aquifer System, Final Report 

Volume I Executive Summary, Centre for Environment and Development for the Arab Region and Europe 

(CEDARE)– International Fund for Agricultural Development (IFAD). 

Euroconsult, 1983, Regional Development Plan for New Valley, Volume 6.  

FAO (United Nations Food and Agriculture Organization), 2009, AQUASTAT Country Profile Egypt; online: 

http://www.fao.org/nr/water/aquastat/countries_regions/EGY/index.stm 

FAO, 2006, AQUASTAT Country Profile Libya; online: 

http://www.fao.org/nr/water/aquastat/countries_regions/LBY/index.stm 

Foster, S. and D. P. Loucks (eds.), 2006, Non-renewable groundwater resources: A Guidebook for socially-

sustainable management for water policy makers, Paris: United Nations Educational, Scientific and 

Cultural Organization (IHPVI Series on Groundwater 10) 



 

 

 Page 48 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

GEF-IW: LEARN, 2011, "Formulation of an Action Programme for the Integrated Management of the 

Shared Nubian Aquifer" IAEA/UNDP/GEF Medium Sized Project; Website publications: 

http://iwlearn.net/iw-projects/2020/ 

Gossel, W., A. M. Ebraheem, and P. Wycisk, 2004, A very large scale GIS-based groundwater flow model 

for the Nubian sandstone aquifer in Eastern Sahara (Egypt, northern Sudan and eastern Libya), in: 

Hydrogeology Journal 12,698–713. 

GWP-TAC4, 2000, Integrated Water Resources management, Global Water Partnership, Technical 

Advisory Committee Paper No.4, Stockholm, Sweden. Online: http://www.gwp.org/Global/GWP-

CACENA_Files/en/pdf/tec04.pdf 

Heinl M, Brinkman PJ (1989) A groundwater model of the Nubian aquifer system, Hydrological Sciences 

Journal 34:4, 425-447. 

IAEA/UNDP/GEF, 2011a, Regional Shared Aquifer Diagnostic Analysis for the Nubian Sandstone Aquifer 

System; online:   

http://iwlearn.net/iw-projects/2020/reports/regional-shared-aquifer-diagnostic-analysis-for-the-nubian-

sandstone-aquifer-system/view 

IAEA/UNDP/GEF, 2011b, Regional Strategic Action Programme for the Nubian Sandstone Aquifer System; 

online:  

http://iwlearn.net/iw-projects/2020/reports/regional-strategic-action-programme-for-the-nubian-

sandstone-aquifer-system/view 

Joint Authority Agreement, 1992, Constitution of the Joint Authority for the Study and Development of 

the Nubian Sandstone Aquifer Waters (English translation – original in Arabic), contained in UNDP-GEF, 

Medium-Sized Project Proposal, Formulation of an Action Programme for the Integrated Management of 

the Shared Nubian Aquifer Annex 7, 2004, Online: 

http://www-naweb.iaea.org/napc/ih/documents/Nubian/Nubian_final_MSP_Sandstone.pdf 

Joint Authority Agreement, 2000a, Agreement on Monitoring and Data Sharing, 3-4 October 2000, 

available at: 

http://faolex.fao.org/docs/pdf/int39094E.pdf 

Joint Authority Agreement, 2000b, Agreement on the Monitoring and Exchange of Groundwater 

Information of the Nubian Sandstone Aquifer System, 3-4 October 2000 available at: 

http://faolex.fao.org/docs/pdf/int39095E.pdf 

Khater, A., 2001, “Intensive Groundwater Use in the Middle East and North Africa” Chapter 18 in the 

Book: Intensive Use of Groundwater Challenges and Opportunities, Llamas R. and Custodio E. (editors), 

A.A. Balkema Publishers. 

Khater, A., 2002, “Groundwater Flow Models Experience in the Western Desert of Egypt” Proc. Arab 

Regional Workshop on Application of Mathematical Modeling Techniques for Management and Planning 

of Water Resources, March 2002, ACSAD/DRC, Cairo, Egypt. 



 

 

 Page 49 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

Khater, A., 2003, “Joint Management of Shared Aquifer Systems” Proc. Regional Workshop On Legal 

Framework for Shared Groundwater Development and Management in the ESCWA Region, June 2003, 

ESCWA, UNESCO, BGR, CEDARE, Beirut, Lebanon. 

Khater, A., 2005, Management of Shared Aquifer Systems: Framework and Regional Experience, 

Proceedings of the58th Canadian Water Resources Association Annual Conference, Reflections to Our 

Future: A New Century of Water Stewardship, June 15 – 17, 2005, Banff, Alberta, Canada. 

Khater, A., 2009, “IAEA/UNDP/ GEF: The Nubian Aquifer Project”, Transboundary and Local Aquifer 

Systems Technical Workshop, the Fifth GEF Biennial International Waters Conference, October 2009, 

Cairns, Australia. 

Khater, A., 2010, “Regional Technical Report on the Impacts of Climate Change on Groundwater in the 

Arab Region” Technical Document Published by UNESCO Cairo Office. 

MEED Insight Journals Dec 2011, The Great Man-made River project, 67-75. 

http://www.meed.com/Journals/1/Files/2011/12/11/Sample%20Chapter.pdf 

NSAS Agreement, 1991, FAOLEX - legislative database of FAO Legal Office: Bilateral Cooperation 

Agreement Minutes between Egypt and Libya on the establishment of the Joint Authority for the Study 

and Development of Groundwater of the Nubian Sandstone Aquifer System. 

http://faolex.fao.org/docs/pdf/bi-53776A.pdf 

NSASJA, 2013, Website of the Joint Authority for the Study and Development of Groundwater of the 

Nubian Sandstone Aquifer System, 

http://www.nsasja.org 

NWRP, 2005, National Water Resources Plan for Egypt- 2017, Planning Sector, Ministry of Water 

Resources and Irrigation, Egypt. 

Puri, S. (ed.), 2001, Internationally Shared (Transboundary) Aquifer Resources Management: Their 

significance and sustainable management Paris: United Nations Educational, Scientific and Cultural 

Organization (IHP-VI, IHP Non-Serial Publications in Hydrology) 

http://unesdoc.unesco.org/images/0012/001243/124386e.pdf 

RIGW, 2009, "Formulation of an Action Programme for the Integrated Management of the Shared Nubian 

Aquifer" IAEA/UNDP/GEF Medium Sized Project; NSAS Shared Aquifer Diagnostic Analysis (SADA), 

National Report – Egypt. 

RIGW, 2010, "Formulation of an Action Programme for the Integrated Management of the Shared Nubian 

Aquifer" IAEA/UNDP/GEF Medium Sized Project; NSAS Strategic Action Programme (SAP), National Report 

– Egypt. 

Rogers, P. and Hall, A.W., 2003, Effective Water Governance. TEC Background Papers No. 7, Global Water 

Partnership, Technical Committee, Stockholm, Sweden. 

Salem, O. 1992. The great manmade river project: A partial solution to Libya's future water supply. In: 

International Journal of Water Resources Development, 8(4), 270-278. 



 

 

 Page 50 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

Salem, O. 2007, Management of Shared Groundwater Basins in Libya, African Water Journal Vol. 1 (1), 

106-117; online:  

http://www.acwr.co.za/pdf_files/African%20Water%20Journal.pdf 

Salem, O. and P. Pallas, 2002, The Nubian Sandstone Aquifer System (NSAS) in: B. Applegren (ed.), 

Managing Shared Aquifer Resources in Africa Paris: UNESCO (IHP-VI Series on groundwater 8), 19–21. 

UNDP-GEF, 2011, United Nations Development Programme-Global Environment Facility (UNDP-GEF) 

International Waters Project Report, International Waters: Review of Legal and Institutional 

Frameworks.http://ebookbrowse.com/iw-review-of-legal-instl-frameworks-pdf-d354988967 

UN/ECE, 2000, Task Force on Monitoring and Assessment, Guidelines on Monitoring and Assessment of 

Transboundary Groundwaters. Lelystad, Netherlands. 

Yamada, C. 2004, Second report on shared natural resources: Transboundary Groundwaters. United 

Nations, General Assembly, International Law Commission. 

http://untreaty.un.org/ilc/documentation/english/a_cn4_539_add1.pdf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 Page 51 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

Annexes 

A - Executive Regulation of the Joint Authority 

Executive Regulation of the Joint Authority for the 

Study and Development of the Nubian Sandstone Aquifer System 

1. Incorporation, Seat, Purpose and Membership 

 
Article 1 

In order to establish integration and strengthen continuous cooperation among the Authority-

incorporating countries with a purpose to study, develop and invest the waters of the Nubian Sandstone 

Aquifer for the interest of countries sharing this Aquifer (Great Socialist People's Libyan Arab Jamahiriya, 

Arab Republic of Egypt, Democratic Sudan Republic and Republic of Chad) , an organization tilted ''Joint 

Authority for the Study and Development of the Nubian Sandstone Aquifer System'' has been 

incorporated. 

Article 2 

The seat of Authority shall be Tripoli city in the Great Socialist People's Libyan Arab Jamahiriya. The Board 

of Authority shall establish offices in the other incorporating countries. 

Article 3 

The Authority seeks to attain the following purposes:  

1. Collect, classify, integrate and analyze all data, information, results and studied conducted by the 

concerned countries. 

2. Conduct all supplementary studies required to define the full features of this aquifer, quantitatively 

and qualitatively. 

3. Lay programs and plans for water exploitation, suggest joint policies on development and exploitation 

of water resources locally and regionally, implement water resources joint policies using the necessary 

plans, programs and methods. 

4. Scientific water management of this aquifer. 

5. Seek to achieve cooperation in the fields of training and rehabilitation related to water resources. 

6. Study environmental aspects to develop the underground aquifer, fight desertification use new and 

renewable energies. 

7. Hold forums; publish information related to the aquifer and boost ties with related regional and 

international organizations and bodies. 
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2. Management of Authority 

 
Article 4 

The Authority shall be managed by a board of three part time members from each member state elected 

by secretaries or ministers concerned with water resources in the four countries. 

Article 5 

The Authority Board shall be chaired in rotation among the member countries every two years. 

Article 6 

The Board shall hold its periodic meetings at the Authority seat or in one of the member countries at 

invitation from its chairman. The meeting may be held at the place referred to in invitation letter which 

shows the date, place and agenda of the meeting six weeks prior to the date of meeting. 

Article 7 

The Board meeting shall not be valid unless attended by two thirds of each party. In all cases, the meeting 

shall not be valid in the absence of more than one country. The authority shall take its decisions with the 

agreement of present members and in case of disagreement of opinions; the issue shall be referred to the 

incorporating countries. 

Article 8 

The Board Chairman or his deputy may invite representatives of international organizations and granting 

institutions to attend as observers in the Board meetings. 

Article 9 

The Board shall be concerned with all works related to the Authority management and considering all 

issues attaining its interests and directing its activity. For this purpose it shall undertake the following 

duties:  

1. Draw up policies ensuring the attainment of Authority objectives. 

2. Pay the preliminary costs and fees required to incorporate and register the Authority and take all 

actions required in this regard and define the general expenditures of management during the 

incorporation period. 

3. Review and adopt the draft annual budget of the Authority. 

4. Draft an annual report on the Authority activity for the financial year ended and submit it to the 

member states. 

5. Establish branches and offices affiliated to the Authority inside or outside the member states. 

6. Appoint the executive general director of the Authority. 

7. Approve of the appointment of branches and offices directors opened pursuant to this regulation in 

coordination with the competent authorities in the member states. 

8. Issue bylaws and instructions on running and management of administrative and financial affairs. 
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9. Approve of the organizational and functional structures suggested by the Executive General Director. 

10. Create cooperation bridges with international and regional organizations and bodies. 

11. Determine remunerations of the Board Chairman and members. 

Article 10 

The Board Chairman shall represent the Authority in its relation with third parties and before judiciary 

and shall act for the Authority in signing contracts and agreements based on the Board 

recommendations. 

Article 11 

The Authority shall have an executive general director appointed manager, appointed by a resolution of 

the Board of Directors and his salary shall be defined by the decision of the Board. He shall hold his office 

for three years renewable another term only. Election shall be made from the member states by 

announcement. He shall undertake the following duties: 

1) Implement recommendations and decisions of the Board. 

2) Follow up on technical studies related to the Authority activity. 

3) Prepare minutes and decisions of the Authority meetings. 

4) Direct supervision of the technical, administrative and financial bodies of the Authority. 

5) Prepare notes and correspondences related to the work progress of the Authority. 

6) Prepare annual budget and report. 

7) Any other works entrusted to him by the Authority Board. 

Article 12 

The Authority shall have an administrative body including a number of technical, administrative and legal 

employees and others to carry out works assisting in meeting the Authority Objectives and executing the 

recommendations and decisions of its Board. The number and powers of those employees are defined 

according to the organizational and functional structures suggested by the Executive General Director and 

approved by the Board as per item 9 of Article 9 of this regulation. 

Article 13 

Employees required for the Authority shall be elected by transfer or seconding by the member states. The 

authority shall bear all relevant costs and it may fill its administrative vacant positions by appointment or 

comprehensive remuneration. 
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3. Budget, Accounts and Financial Resources 

 

 
Article 14 

The governments of member states shall bear the credits of budget decided by the Authority in 

proportions to be identified by the Board. Member States shall pay all financial credited required for the 

budget of Authority so that the Authority can undertake its duties and fulfill its obligations. 

Article 15 

The Authority shall lay an annual budget including the financial credits required for that year and 

submitted to the Board for approval three months at least before the start of Authority's financial year. 

Article 16 

The Authority's financial year starts and ends with the start and end of the financial year of the country of 

seat. 

Article 17 

The Authority shall open one account or more in a transferable currency and another local currency in 

one of the banks working in the Authority’s seat country. The Authority shall deposit in the said account 

its annual credits to expend from within the prescribed limits. National offices of the Authority shall open 

similar accounts in their countries. 

Article 18 

No authorization shall be given to expend from the Authority budget except within the credits prescribed 

in the budget and no credit may be used for a purpose other than that assigned therefore without the 

decision of the Board. 

Article 19 

Financial resources of the Authority consist of the annual contributions of the member states and the 

grants given by international and territorial organizations and authorities and granting countries. 

Article 20 

The Authority may engage in financial obligations on the coming annual budgets for works to be executed 

in more than one year provided that the value of such obligations or contracts shall in no way exceed the 

costs assigned for. 

Article 21 

The Executive Director shall prepare a financial account of the annual budget of the Authority within a 

maximum of three months from the end of financial year and submit it to the Board for approval after 

being audited by a certified accountant. 
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4. General Provisions 

 

Article 22 

The Authority shall have a body corporate and the consequent rights. Its Board has the right to draw 

administrative and financial bylaws organizing its business. 

Article 23 

A financial regulation shall be prepared and submitted to the Board for approval. 

Article 24 

The Authority Board may amend some articles or paragraphs of this Regulation, if and when necessary. 

Article 25 

This Regulation shall come into full force and effect as from the date of its ratification. 

 

 

______________________________________________________________ 

 

Signatures 

 

for Libyan Party  

 

for Egyptian Party    for Sudanese Party    for Chadian Party 
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B - Agreement on Domicile 

Agreement on Domicile 

Between: 

The Great Socialist People's Libyan Arab Jamahiriya 

And: 

Joint Authority for Study and Development of 

Nubian Sandstone Aquifer 

With reference to the approval of the General People's Committee dated 15/05/2006 on the contract 

agreement of domicile between the Joint Authority for Study and Development of the Nubian Sandstone 

Aquifer and the Great Socialist People's Libyan Arab Jamahiriya and in implementation of the minutes of 

agreement between the Secretary of General People's Committee for Land Reclamation and 

Development and the Egyptian Minister of Public Work and Water Resources regarding the formation of a 

joint authority to study and develop the Nubian Sandstone Aquifer, an agreement was concluded 

between the Great Socialist People's Libyan Arab Jamahiriya being the host country of the Authority and 

the Joint Authority for Development of the Nubian Sandstone Aquifer, as follows: 

Article (1) 

The main domicile of the Authority shall be in the city of Tripoli, Libya. 

Article (2) 

The Authority shall have its independent body corporate status and have the right to enter into contracts. 

Article (3) 

The Authority shall have the right to institute law actions before the Libyan courts. 

Article (4) 

The Authority shall be entitled to acquire movable and immovable properties in the limits that enable it 

to carry on its works. Such properties shall be exempted from direct taxes except as for the fees against 

public utility services in accordance with Libyan legislations and may not be sold except under approval of 

the competent bodies. 

Article (5) 

The Authority may open an account with one of the Libyan barks in a convertible currency and may 

possess bank notes and deposit same in its account according to the Libyan legislations. 

Article (6) 

The Authority shall have the right of post, telephone and telex communications, and all facilities 

concerning its activity. 
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Article (7) 

The Libyan competent authorities shall permit, under law, entry and exit from the Libyan territories 

without hindrance, for experts, advisors and personnel invited by the Authority for carrying out certain 

work for the Authority, after the Authority shall have presented full data on them to the competent body 

in terms of their name, profession and period of stay in the Libyan territories. 

Article (8) 

The above mentioned persons in the preceding article shall not be exempted from the procedures of 

quarantine. 

Article (9) 

The Authority shall, under the laws and regulations in force, pay the indirect taxes which are included in 

the prices of sold goods or service rendered. 

Article (10) 

The Libyan legislations shall be applied on any dispute that may arise between the Authority and the host 

country. 

Article (11) 

The delegates of member states in the Authority shall enjoy the same immunity granted to the members 

of international organization accredited in the Great Jamahiriya, with respect to the activities entrusted 

for them for the interest of the Authority. 

Article (12) 

This agreement shall come into force as from the date of notifying the Authority that the Libyan 

competent bodies have approved this agreement. 

Made in the city of Tripoli on 11/07/2006 in two duplicates in Arabic language. 

For the Joint Authority for Study and 

Development of Nubian Sandstone Aquifer 

For the Great Socialist People's Libyan Arab 

Jamahiriya 

(Signed) 

 

Omar Emhamed Salem 

 

Chairman of Board of Directors of the Authority 

(Signed) 

 

Abdurrahman Mohamed Shalgam 

 

Secretary of General People's Committee for 

Foreign Liaison and International Cooperation 
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C - Agreement # 1: Exchange of Information 

Agreement # l 

Terms of Reference 

For the Monitoring and Exchange of Groundwater Information of the Nubian Sandstone Aquifer 

System 

 
Consolidated data throughout the implementation of the "Programme for the Development of a Regional 

Strategy for the Utilisation of the Nubian Sandstone Aquifer System" was achieved through a Regional 

Information System called the Nubian Aquifer Regional Information System (NARIS). This integrated 

Information System is conceived to fulfill the following tasks: 

• Storing and documenting the different data, covering all fields relevant to the Nubian Sandstone 

Aquifer System. 

• Processing, analysis and display of basic data 

• Preparing the input parameters which are needed for the modeling at different scales, and calibration 

of the groundwater model and comparison of the results of modeling with other data for planning 

and decision making. 

• Provide an easy link between the participating countries through a system ensuring the exchange and 

flow of information. 

Therefore it is herewith agreed that the four countries namely; Chad, Egypt, Libya and Sudan share the 

data that was consolidated throughout the implementation of the Programme mentioned above and 

included in the Nubian Aquifer Regional Information System (NARIS) in addition to information on 

developmental aspects including socioeconomic data, management of harsh environment, drilling 

experiences, meteorological data, etc. and also agreed to update this system as specified in Agreement 

#2. 

The sharing of this information will be accomplished according to the setup specified below; 

Internet Environment - Server and access through the Internet. 

In this protocol the data will be stored on a server and accessed through internet by the four countries 

through web-based Oracle. A level of security is maintained in this technique, so that access is enabled 

only to the four countries. 

Requirements: 

- Unix Workstation (Server) 

- Oracle Engine, Developer Server and Oracle Web Server 

- Lease Line 

Regional Data Exchange 

Data is shared and accessed by the four countries only. Any update by one of the four institutions will be 

online viewed by the other parties. 

 

Within this mechanism, CEDARE could be hosting the data on its server for one year as a testing and 

transition phase, at a certain annual cost which will include all the technical support for running the 
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System on its workstation, Software and Hardware maintenance, and Internet leased line. After this first 

year, the same setup could be founded in the Joint Authority of the NSAS. 

 

 
______________________________________________________________ 

 
 

Signatures of the national Focal institutions for the Joint Authority 

 

for Libyan Party  

 

for Egyptian Party    for Sudanese Party    for Chadian Party 

General Water 

Authority,         Libya. 

Research Institute for 

Groundwater, Egypt 

Groundwater and 

Wadis Directorate, 

Sudan 

Direction de 

l`Hydraulique,  Chad 
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D - Agreement # 2: Monitoring and Data Sharing 

Agreement # 2 

Terms of Reference 

For the Monitoring and Data Sharing 

For sustainable development and proper management of the Nubian Sandstone Aquifer System, 

continuous monitoring of the aquifer should be maintained. In order to observe the regional behavior of 

the NSAS, monitored parameters of the aquifer should be shared between the concerned countries. 

Hence, it is herewith agreed between the four countries sharing the Nubian Sandstone Aquifer System, 

namely Chad, Egypt, Libya and Sudan, represented by their National Coordinators to monitor and share 

among them the following information: 

• Yearly extraction in every extraction site, specifying geographical location and number of producing 

wells and springs in each site. 

• Representative Electrical Conductivity measurements (EC), taken once a year in each extraction site, 

followed by a complete chemical analysis if drastic changes in salinity are observed. 

• Water level measurements taken twice a year in the locations shown in the attached maps and 

tables. The proposed monitoring network is subject to changes upon the feedback of the National 

Coordinators of the concerned countries. 

These measurements should be undertaken within the Nubian Aquifer System and the Post Nubian 

aquifer System. 

 

______________________________________________________________ 

 

 

Signatures of the national Focal institutions for the Joint Authority 

 

for Libyan Party  

 

for Egyptian Party    for Sudanese Party    for Chadian Party 

General Water 

Authority,         Libya. 

Research Institute for 

Groundwater, Egypt 

Groundwater and 

Wadis Directorate, 

Sudan 

Direction de 

l`Hydraulique,  Chad 
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Regional Well Monitoring Network 

(A) NUBIAN SYSTEM AQUIFER 

        

 

I. Egypt 

      

 

1.1. Existing Wells 

      
# Well Name 

Location Coordinates 

long. lat. 

1 EL-Kifar 26.936 29.531 

2 El-Heiz 28.720 27.900 

3 Sheikh Marzouk T.W.I 27.856 26.824 

4 Qur El-Malek 27.925 26.062 

5 South Mut 29.096 24.946 

6 Malaab El-Kheil 30.321 25.270 

7 West Sand Dune 30.279 24.989 

8 North Abu-Bayan 30.626 24.386 

9 Toshka Observation No. 4 31.643 22.739 

10 East Oweinat No.7 28.033 22.500 

11 One of Siwa Observation Wells 25.430 29.250 

  

    

 

1.2. Recommended New Observation Wells 

 
# Well Name 

Location Coordinates 

long. lat. 

1 Darb El-Arbaiin 30.170 23.400 

2 Kharga-Armant Road  31.800 24.700 

3 North El-Gilf El-Kebir 26.000 25.000 

        

 

II. Libya 

      

 

2.1. Existing Wells 

      
# Well Name 

Location Coordinates 

long. lat. 

  Kufra     

1 P-6 23.277 24.135 

2 P-10 23.451 23.890 

3 P-16 23.463 24.109 

4 P-20 23.322 24.179 

5 P-26 23.256 24.073 

6 P-31 23.153 23.690 

7 P-33 23.670 23.977 

8 P-34 23.657 24.215 

9 P-37 23.084 24.116 



 

 

 Page 62 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

10 PZ-6 28.033 22.500 

11 PZ 10 25.430 29.250 

12 PZ 16 23.463 24.109 

13 PZ 18 23.374 24.193 

        

 

II. Libya 

      

 

2.1. Existing Wells 

      

        
# Well Name 

Location Coordinates 

long. lat. 

  Tazerbo     

1 TE-02 21.034 25.663 

2 TE-03 21.064 25.681 

3 TE-04 21.070 25.688 

4 TE-05 22.363 25.466 

5 TE-07 21.500 24.931 

6 S-01 21.839 26.007 

7 S-02 21.195 25.680 

8 S-03 20.875 25.503 

9 S-10 21.965 25.076 

10 PZ-218 21.910 25.550 

11 PZ-618 21.910 25.360 

        

 

2.2. Recommended New Observation wells 

   

        
# Well Name 

Location Coordinates 

long. lat. 

1 South Al Jaghbub 24.500 29.000 

2 SKD - 24 (El Kufra Basin) 21.850 21.500 

 

 

 

      

 

III. Sudan 

      

 

3.1. Existing Observation Wells 

      

        
# Well Name 

Location Coordinates 

long. lat. 

1 Al Atrun 26.750 18.200 

2 Qaab El-Bab 30.225 18.717 

3 West Slima 28.420 21.320 

4 Um Hilal 30.133 19.092 
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IV. Chad 

      

 

4.1. Existing Observation Wells 

      

        
# Well Name 

Location Coordinates 

long. lat. 

1 Gouro 19.570 19.530 

2 OuvraGeisole 20.492 19.050 

3 Gaour 21.186 18.356 

        (B) POST NUBIAN AQUIFER SYSTEMS 

    

 

I. Egypt 

      
 

1.1. Existing Wells 

      
 

       
# Well Name 

Location Coordinates 

long. lat. 

1 One of Siwa Observation Wells 25.430 29.250 

        

 

1.2. Recommended New Observation Wells 

        
# Well Name 

Location Coordinates 

long. lat. 

1 El-Diffa Western Plateau 26.300 30.250 

2 South Qattara Sitra Area  29.000 27.500 

3 Wadi El-Moweileh (South Wadi El-Rayan) 29.000 30.500 

4 Kharga - Armant Road 31.800 24.700 

5 Wadi El-Fareigh 30.500 30.450 

        

 

II. Libya 

      
 

2.1. Existing Wells 

      
 

       
# Well Name 

Location Coordinates 

long. lat. 

  Sarir North     

1 PZ-3 22.310 27.675 

2 PZ-6 22.046 27.533 

3 PZ-9 22.090 27.948 

4 PZ-15 21.652 27.770 

  Sarir South     

1 PZ-33DP 22.008 27.344 

2 PZ-35DP 22.016 26.450 

3 PZ-39DP 21.606 26.786 
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4 PZ-41DP 22.250 26.836 

5 PZA130/01 21.863 26.980 

  Sarir West     

1 54d 21.340 27.228 

2 55d 21.456 27.460 

3 59d 21.340 27.717 

4 62d 21.035 27.550 

5 64d 20.910 27.380 

  Jalu/Awjlah     

1 A-01-A     

  Jabal Al Akhdar     

1 PZ-3389 (El-Hawari) 20.200 32.000 

2 PZ-3489 (El-Marj) 20.900 32.500 

  
      

 

2.2. Recommended New Observation Wells 

     

        
# Well Name 

Location Coordinates 

long. lat. 

1 El Bayda 21.750 32.800 

2 Al Makhili 22.260 32.200 

3 Darnah 22.630 32.875 

4 South Ajdabia 20.220 32.733 
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Regional Monitoring Network in the Nubian Aquifer 
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Regional Monitoring Network in the Post Nubian Aquifer 
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E – Information System: NARIS 

The Nubian Aquifer Regional Information System: NARIS 

Introduction 

The Nubian Aquifer Regional Information System (NARIS) is an integrated Information System developed 

with a vision to fulfill the following tasks: 

• Store, search and retrieve information about the Nubian Sandstone Aquifer System such as water 

levels, drawdowns, stratigraphy, hydraulic parameters, quality, extractions, etc.  

• Provide an integrated regional information system among the countries sharing the aquifer thus 

ensuring the sharing, exchange and flow of information.  

• Assist the decision makers by providing relevant and accurate information about the status of the 

aquifer within regional and national perspectives.  

• Provide a standardized method for data collection and entry among the four concerned countries. 

• Identify gaps and overlaps among the existing data and information available. 

• Prepare the input parameters that are needed for the modeling at different scales, and calibration of 

the groundwater model and comparison of the results.  

Background 

NARIS is made available to each of the concerned countries. Each country will establish a national 

mechanism for data entry, data update and data transfer into the computerized databases.  A regional 

mechanism for data sharing and exchange of updated information was agreed upon. This had been put 

down into two agreements signed by the representatives of the four countries in their meeting held on 3-

4 October, 2000. The two agreements aim at the monitoring and exchange of groundwater information, 

and monitoring and data sharing. The national representatives agreed to adopt in an advanced stage an 

internet environment for the sharing mechanism. Within this environment, data will be stored on a server 

and accessed through internet by the four countries through web server. Security levels will be assured, 

so that access is enabled only to the four countries; Egypt, Libya, Sudan and Chad. Any update of 

information by one of the four groundwater management institutions of the concerned countries would 

be online viewed by the other parties.   

For the development of NARIS; data was verified, reformatted and harmonized in excel and prepared for 

entry into the database. The System was developed in a User Friendly Interface that enables easy entry, 

retrieval, querying of information and production of reports. It provides a tool for information-based 

decision making processes within the Nubian Sandstone Aquifer System. 
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Components: 
Groundwater Component 

The system is developed using the state of the art information technology, Oracle Developer 6i and 

Oracle 8i.  It encompasses 2018 wells within the Nubian Sandstone Aquifer System. These wells are 

classified into Observation (Piezometers), Production and Exploration. 

 

The system enables storage, retrieval, querying, analysis, and presentation of information. The 

information is retrieved either by country, region, site, well name, well code, location, tapped aquifer, 

date and water levels ranges.  Queries on water levels, depths to water, drawdowns in addition to other 

parameters present in the system are also made available.  The system enables the presentation of data 

in the form of tabular reports, time series graphical presentation for water level variation and 

stratigraphy logs for exploration wells. The System comprises 732 observation wells, 1088 production 

wells and 198 exploration wells.   

 

The observation wells within the Nubian Sandstone Aquifer System provide information on the aquifer’s 

behavior since the development started till present by incorporating initial and present water levels 

records as well as the historical water level records starting from the early 60s readings till the 1998-1999 

readings.  Other information on each well includes geographic location (longitude, latitude), total depth, 

elevation of measuring point, the tapped aquifer, bore type (dug well, borehole, etc.), hydraulic 

parameters and pumping test technique.   

 

The exploration wells are the main source of information depicting the geological setup of the aquifer. 

Data on the exploration wells include geographic locations, ground elevations, KB, water levels and 

stratigraphy. The presentation of this information is enabled in tabular and graphical forms showing the 

stratigraphy changes with depths. 

 

Information associated with the production wells include geographic locations, ground elevations, initial 

water level, hydraulic parameters (hydraulic conductivity, transmissivity and storage coefficient or 

storativity) in addition to quality parameters (e.g. salinity of groundwater). 

 

As has been developed to encompass information from four countries, the system is designed with a 

dynamic approach to enable the use of various units for any parameter (e.g. for transmissivity, cm2/sec. 

and m2/day could be used and conversion between units is made available). The addition of new 

parameters is allowed. This privilege is granted to the system administrators or the groundwater 

specialists using the system. Any systems of units associated with these parameters could be entered. 

This enables flexibility for the use of the system within a regional standpoint. It also helps smoothly 

introducing harmonization in the data collection process. 

 

 

Bibliographic Database Component 

Another component of the Information System is a comprehensive bibliographic database comprising 843 

references of previous studies and research in the area of the Nubian Aquifer, which can be searched by 

author, subject, location, country, etc. 
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Nubian Aquifer Regional Information System - NARIS 
 

Main Menu  

The first screen in the system provides choices to enter the Data Entry screen, Query screen, or 

Administration screen.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - Main Screen 

 

Title Main Screen Pull-down Menu contents 

File  Saving, Printing and About NARIS.  

Data Entry 
Data Entry of wells, Transactions and Editing of parameters and units.  In 

addition to data entry of sites extractions. 

Query Report Queries and reports production. 

Administration Administrating the Lists of values, screens and reports labels 
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Data Entry Program 

The data entry screen allows the users to enter data on wells including their locations, tapped aquifers, 

initial water levels, and quality of water, hydraulic parameters, observation records and lithology 

formations. It is divided into Well-ID, Location, Information, Hydraulic Parameters, Observation Records 

and Lithology. 

 

 

PAGE TITLE FUNCTION 

WELL-ID This is for the entry of Well name and type 

LOCATION 
This is for the entry of the location of the well in Longitude and Latitude or 

any other projection 

INFORMATION 
This is for the entry of  the Execution date, Bore depth, Aquifer’s name and 

type, initial depth to water and initial water level, salinity and yield 

HYDRAULIC 

PARAMETERS 

This is for the entry of the hydraulic conductivity, Transmissivity, Storage 

Coefficient, and Pumping test details 

OBSERVATION RECORDS 
This is for the entry of the historical records of different parameters such as 

the water level and the depth to water. 

LITHOLOGY This is for the entry of the stratigraphy, lithology with depths  

 

 

 

The Well-ID section includes the well names, codes, and types.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 - Data Entry – Well-ID
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The Location section includes the coordinates and projection types. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 - Data Entry - Location 

The Information section includes the penetrated aquifer’s name and characteristics as well as the initial 

water levels and salinity data. 

 

 
 

Figure 4 – Data Entry - Well Basic Information
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The Hydraulic Parameters incorporate the values of the Hydraulic Conductivity, Transmissivity and 

Storage Coefficient or Storativity associated with the location.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 - Data Entry - Hydraulic Parameters 

The Observation Records section comprises the historical records of any variables such as water level, 

depth to water, salinity, etc. It is made possible for the user to add any variable or parameter, its 

corresponding units then the available records. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 - Data Entry - Observation Records
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The Lithology section allows the data entry of the stratigraphy formations at different depths of the logs. 

By double clicking on the field of the stratigraphy the list of values of stratigraphy is displayed for 

selection by the user. The associated value of depth is entered in corresponding field.  Same procedure is 

enabled for lithology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 - Data Entry - Stratigraphy 

Icons to Use in Data Entry 

 

ICON Title Function 

 
Save  Save changes and new records added 

 
Print  Print reports 

 
LOV Display List of Values 

 
Exit program Exit from the program 

 
Previous Block Move the cursor to previous block 

 
Previous Record Move the cursor to previous record 

 
Next Record Move the cursor to next record 

 
Next Block Move the cursor to next block 

 
Insert Record Add new records 

 
Remove Record Delete existing records 

 

 

Parameters Data Entry: 

The user can add a new parameter using the shown below screen. The new parameter is entered once, 

and then it shows automatically on the List of Values of the parameters. 
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Figure 8 - Data Entry - Parameters 
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Units Data Entry: 

The user can enter any system of units to correspond to the previously entered parameters, using the 

screen shown below. More than one unit could be used for the same parameter and conversion between 

units is enabled. During the wells’ data entry or querying processes the units related to the parameter 

under operation are the only ones displayed for selection. E.g. during the data entry of a hydraulic 

conductivity value, the only units displayed are m/d, m/s and cm/s.   

 

 

 

 

 

 

 

 

 

 

 

Figure 9 - Data Entry – Unit 

 

Saving Data 

 

Click on the save icon to save the entered data   

 

To Exit without saving click on the Exit icon 

 

N.B. The Well Code is generated automatically by the system according to its location (Longitude, 

Latitude). 
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Query Screen: 

By selecting “Query Report” from the main menu (Figure 1), this screen allows the user to search for 

information using any combination of the following 

 

• Country • Well Type 

• Region • Aquifer Regional Name 

• Site • Initial Water Level Values 

• Well Name • Location 

• Well Code • Range Values of Parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 - Query Screen 

 

ICON Title Function 

 

Run Query Execute the selected criteria. 

 

Run Report Run report according to the selected criteria. 

 

Screen Exit 

Button 

Exit from the Current Screen. 

 

Delete Row Delete current row from Multi-Record criteria such as the Languages criteria. 

 

Insert Row Insert new row into multi-record criteria such as the Languages criteria. 

 

List Values List values for specific filed such as the country, the icon is highlighted only when 

the cursor is in a field that has this option. 

 

List Details List details of a selected record. 

 

Clear Screen Clear screen from typed data. 
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To expand well’s details, click the List details icon  or double click on the selected well record. 

According to the selection the relevant screens will be initiated. 

 

This shows the basic information of the well such as the country, region, site, well name, code, type, 

status, location, basic information, hydraulic parameters values, and historical records as well as lithology. 

The tabs listed on the screen initiate the relevant well’s information as follows: 

 

PAGE TITLE FUNCTION 

WELL-ID This shows Well name and unique number (code) 

LOCATION 
This lists the location of the well in Longitude and Latitude or any 

other projection 

INFORMATION 
This lists the Execution date, Bore depth, Aquifer’s name and type, 

initial depth to water and initial water level, salinity and yield 

HYDRAULIC 

PARAMETERS 

This lists the hydraulic conductivity, Transmissivity, Storage 

Coefficient, and Pumping test details 

OBSERVATION 

RECORDS 

This lists the historical records of different parameters such as the 

water level and the depth to water. 

LITHOLOGY This lists lithological formations and their depths of the bore 

 

Print out Report 

To print out the information of a certain well, the following steps are required: 

 

Step 1: Enter Query Screen 

 

Step 2: Enter the required fields for selecting the well. 

 

Step 3: Select the Report type from the pull-down menu. 

 

Step 4: Click on the Print Report Icon  
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Report Types 

 

REPORT TITLE FUNCTION 

WATER LEVEL 

This shows the well’s basic information in addition to the historical 

records of yearly water levels and monthly if available. It also includes 

the historical depths to water and drawdowns. 

WELL(S) 

This lists the wells (satisfying the query criteria), together with the 

country, region and site each lies in, in addition to their coordinates, 

altitude and initial water level. 

PARAMETER  
This shows the well’s basic information in addition to the historical 

records of yearly parameter’s readings and monthly if available. 

GRAPHICAL REPORT This plots the values of the parameter with time. 

STRATIGRAPHY 

TABULAR REPORT 

This shows the well’s basic information, in addition to a tabular 

presentation of the stratigraphy variation with depth. 

STRATIGRAPHY  This plots the log of a well with its stratigraphy information. 

ARCVIEW MAP This plots spatially the results of a query (i.e. map) using ArcView  
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Wells Report 

The wells report shows a list of wells which satisfy a number of certain (And/Or) common criteria or a 

single criterion.  This report contains these wells associated with their respective countries, regions, 

altitudes, longitudes and latitudes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 – Wells Report 
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Water Level Report 

The water level report shows the tabular variation of water level with time for a certain well. The header of 

the report shows the well’s information which includes country, region, site, status, type, altitude, longitude, 

latitude, execution date, bore depth, penetrated regional aquifer name, initial water level and initial depth to 

water.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 – Water Level Tabular Report 
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Hydrograph 

This report is a plot of the observation well hydrograph i.e. water level fluctuations versus time. The y-axis is 

the water elevation in meters from mean sea level and the x-axis is the time in years.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 – Water Level Report of an Observation Well 
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Stratigraphy Tabular Report  

This report shows the variation of the stratigraphical formation with depth of the exploration wells. The 

stratigraphy starts at zero depth from the ground level or the KB (if available). The basic information of the 

well is firstly presented before the stratigraphy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 – Stratigraphy Tabular Report of an Exploration Well

 



 

 

 Page 83 of 93 

 

Libya’s Water Sector M&E Rapid Assessment Report 

 

Nubian Sandstone Aquifer System (NSAS) M&E Rapid Assessment Report 

Stratigraphy Report 

The Stratigraphy report shows the stratigraphical formation of the exploration wells. The columnar section 

starts at zero depth from the ground level or the KB (if available) as mentioned above. The country, region 

and coordinates of the well are displayed. The values of the ground level, KB and total depth are also shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 – Lithologic Section (Columnar Section) 
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Map Report 

This report plots the resultant of a query on a Geographic Information System (GIS) map. NARIS is linked with 

GIS ArcView, which enables the spatial presentation of wells in views.  Other layers could be overlaid for 

layouts printing or for further utilization and analysis in GIS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 – ArcView Map Report 
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Extraction Module 

This component of the Information System provides detailed information on the abstraction within the sites 

of the NSAS. The system at its present status incorporates yearly extraction records of NSAS sites. These 

historical records are entered through the screen shown below. Basic information for each site is included 

such as the beginning date of the extraction within the site, the number of wells, the tapped aquifer, average 

depth, and average pumping. The system enables the use of different units for extraction and has the 

capacity of conversion between units.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 - Site Extraction Main Screen 
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By clicking the button,                                           the next screen opens for the data entry of monthly or yearly 

records of extraction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 - Data Entry – Site Extraction 
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Extraction Reports 

The results of the queries could be presented in the form of tables and graphs on screen or printed. 

 

 

Tabular Report 

This report shows the variation of extraction rates with time. The header of the report provides information 

on the site, as in which country it lies, which region, number of wells, tapped aquifer, date when development 

started, average depth, and average pumping. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19 - Site Extraction Tabular Report 
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Histogram Report 

This report presents graphically the change of extraction rates with time for each extraction site. The 

header of the report provides information on the site, in which country and region it lays, tapped aquifer, 

average depth, average pumping and number of wells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 - Site Extraction Graphical Report 
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Output Media and Formats 

The system sends the query outputs to one of the following media: 

• Screen  

• Printer 

• File in the following formats: 

a. HTML 

b. PDF  

c. Postscript RTF 

d. Text 

 

The production of outputs in ASCI files enables the input to other software and models. 

 

N.B. Conversion could be done to major formats such as Spreadsheets and Word-processing formats. 
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System Administration 

 

1. Administration of the List of Values and editing of the labels is enabled through the screen shown below: 

 

 

Figure 21 - List of Values Administration 
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2. The administration of the Screen labels is enabled. This could be done using the screen shown below: 

 

 

 

Figure 22 - Screen Labels Administration 
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3. The administration of the Report labels is enabled. This could be done using the screen shown below: 

 

 

 

 

Figure 23 - Report Name Administration 
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Contacts 

 

 

 

Monitoring & Evaluation for Water In North Africa (MEWINA) Project 

North-African Ministers Council On Water (N-AMCOW), Technical Secretariat 

C/o CEDARE, 2 ElHegaz Street, Heliopolis, Cairo, Egypt 

Phone: (202) 2451-3921/2/3/4, Extension: 656 

Fax: (202) 2259-5673, (202) 2451-3918 

E-Mail: namcow@cedare.int 

Web Site: namcow.cedare.int/mewina 

 

Consultant 

Misr Consult for Environmental and Infrastructure Studies  

Address: 72, Gameat ElDawal Street, Mohandessin, Cairo, Egypt 

Phone & Fax: (202) 3762-0366 / 77 / 196 

E-Mail: mc@misrconsult.com 

Web Site: www.misrconsult.com 

 

 




