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2.1 Management, Protection and Sustainable Use of
Groundwater — Results of Long-Term Technical Co-
operation in the Middle East

Schelkes, K., Hobler, M., Schmidt, G. & Steinbach, V.

2.1.1 Introduction

Groundwater represents the main water resource in most parts of the arid and semi-
arid regions of the Middle East and Northern Africa. Adequate groundwater man-
agement is a prerequisite for the sustainable use of the scarce water resources.
Groundwater protection measures have to be incorporated in integrated water man-
agement activities as an important feature for sustainable development. To fulfil
these requirements, the German Federal Institute for Geosciences and Natural
Resources (BGR) supports since several decades some national ministries and
institutes as well as international organisations which are operating in the ground-
water sector in this region.

During the seventies and eighties, work was mostly concentrated on the assess-
ment, exploration and use of groundwater resources. In the following years the
interest in groundwater protection issues grew continuously. This shift in interest
was induced by the improved knowledge of the processes and events influencing
the groundwater regime and the quality of the groundwater. Better understanding
of groundwater issues made it obvious that groundwater protection is one of the
main pillars for sustainable use of the scarce water resources in the Near East. It
was not acceptable any more to diminish the potable groundwater resources by
often irreversible contamination. The trend from quantity oriented to more quality
oriented groundwater studies can easily be seen in the changes in the focal points
of the projects as shown in this paper.

This improved knowledge led to changes in the people's mind. Sustainable and
careful use of the scarce groundwater resources became a key issue. Consequently,
project activities were not only concentrated on advice for the use of modern meth-
ods, e.g. for the preparation of planning documents, but also for the preparation of
groundwater-related guidelines and policies as part of an overall strategy for better
groundwater resources management. Based on the understanding that the guiding
principles for sustainable groundwater use have to be implemented by govern-
ments and their administrations, this last topic forms now a fundamental part of
German Technical Co-operation and is an important component of the ongoing
groundwater related projects.

The following examples of bilateral and international co-operation show the
changes in the types and goals of technical co-operation projects. The presented
results highlight the groundwater situation in the Near East and should provide
understanding for the wide range of problems related to the groundwater situation.
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21.2 Bilateral co-operation: Jordan

In the early projects, the assessment of the groundwater resources was based on the
results of geophysical investigations and hydrogeological field work. These inves-
tigations and the interpretation of the results were mostly carried out by foreign
organisations and their contractors. The partner institution often played a minor
role because of insufficient knowledge and experience especially in modern geo-
physical, mathematical and hydrogeological methods and lack of adequate equip-
ment. To overcome this situation, improvement of the infrastructure and the
qualification of the personnel of the partner institutions got high priority in all co-
operation projects and formed an essential part of the overall project strategy. In
turn, the role of the project partners in the Near Eastern countries changed with
improving qualification. More and more, investigations and data interpretations
were carried out by the specialists of the partner institution. Scientists and technical
specialists of the foreign organisations assisted as advisors only. Support and
advice in learning and using modern methods in groundwater management and
groundwater protection are today well to the fore.

Groundwater cooperation projects with Jordan and groundwater models and
modelling results in particular, are examples for this development as shown in the
following.

Support for the preparation of the National Water Master Plan (NWMP) in 1977
was one of the first major groundwater activities of the BGR in Jordan (GTZ
1977). Data collection was mostly done by the Natural Resources Authority of Jor-
dan (NRA), data interpretation and map preparation by German specialists. This
NWMP was the first comprehensive study of the water resources of the entire
country. It gave an overview of the water situation and served as a general planning
basis for about twenty years. Thematic maps show the hydrogeological situation, e.
g. favourable areas for ongoing or potential groundwater exploitation and available
volumes of stored groundwater. For the new NWMP the same boundaries of water
basins have been used as they had been defined during that survey.

In the following years, co-operation of BGR with Jordan was concentrated on
other sectors like geology and geophysics. Studies in the water sector continued on
a quite different level with an investigation of the possibilities to supply an envis-
aged oil shale processing plant at El Lajjun with water. Fig.2.1.1 shows the loca-
tion of the study area in the Mujib basin and Fig. 2.1.2 an impression of the
landscape and the base flow in the upper Wadi Mujib. The data collection and the
field work for this hydrogeological study was supported by the Water Authority of
Jordan (WAJ). Most of the hydrogeological interpretation as well as the numerical
modelling were still done by BGR but on-the-job-training was already an impor-
tant issue.
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Fig. 2.1.1.  Areas of the numerical model investigations 1985 — 1990

Based on the hydrogeological set-up, it was possible to calculate the water bal-
ance of the Wadi Mujib basin with the help of a numerical model (Fig. 2.1.3). The
results showed very clearly that the quantities of recoverable groundwater from the
upper aquifer have been widely overestimated in the past. The water abstraction
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from this aquifer for drinking water (including e.g. a well field for the supply of
Amman) and industrial purposes already exceeded the recharge in that area. Any
future demand has to be extracted from aquifer storage (Bender et al. 1989).

Fig. 2.1.2.  Baseflow in the Upper Wadi Mujib
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Fig. 2.1.3.  Groundwater balance for the Mujib basin

The result of this "El Lajjun Oilshale Feasibility Study" was one of the reasons
to investigate the groundwater situation in much more detail. It was the first of four
technical co-operation projects in Jordan, which included numerical groundwater

flow modelling as a major component.
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The following list gives an overview of the various numerical models for the

time period from 1985 to 2002 (for locations see Fig. 2.1.1 and 2.1.6):

* El Lajjun Model, (Schelkes, 1986)

* Siwaqa-Qatrana-Hasa Model, (Schmidt, 1989; validated 2001)

* South Jordan - Natural Aquifer Depletion Model, (Schmidt, 1989)

* Numerical model for the Muwaqqar well field, (Brunke, Khalifeh and Al Maha-

mid, 1996)
¢ 3D-Groundwater Model of Northern Jordan, (Brunke, 1995; revised 1998)

* Numerical model of the Siwaqa-Qatrana-Hasa well field (Khalifeh and Al Mah-

amid, 1998)
¢ Well field models (Corridor well field, Musaitbeh well field), (Khalifeh and Al

Mahamid, 1999/2000)

* 3D-Groundwater Model of Jordan (ongoing development)

As it can be seen, in the beginning modelling was mostly done by specialists
from BGR. As a result of on-the-job training and of advanced training courses,
modelling was more and more accompanied and carried out by the Jordanian coun-
terparts. This effect confirms the importance of capacity building as an integral part
of co-operation projects.

The next co-operation project on "Groundwater Resources of Southern Jordan"
started in 1987 and lasted until 1990. It included capacity building, the establish-
ment of a hydrogeological data bank and the preparation of a map of the groundwa-
ter resources of Southern Jordan as well as the preparation and installation of two
specific groundwater models (Schmidt and Hobler 1994).
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Fig. 2.1.4.  Sketch of the flow system in the deep sandstone aquifer

The first of these models, the "South Jordan - Natural Aquifer Depletion Model"
was planned as an overall evaluation of the groundwater potential of Southern Jor-
dan. The model takes the natural time-dependent behaviour of the aquifer system
on a long term into account. The calculations are based on the assumption that the
whole system was filled with water at the end of the last humid period, approxi-
mately 5000 years ago. The model (location see Fig. 2.1.1) was intended to simu-
late the natural long-term depletion of the aquifer system during these 5.000 years.
Fig. 2.1.4 shows a two-dimensional sketch of the flow system with the high
groundwater potential in the southern part of Jordan and the deep depression of the
Dead Sea which forms the base level for the flow system in the deeper aquifer.
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It could be shown that the aquifer system in Southern Jordan is continuously
under depleting conditions with a time-dependent decreasing outflow rate. The
groundwater system is affected by the Wadi Sirhan depression at shallow to
medium depths and by the Dead Sea at greater depths. The model gives a rough
picture of the time-dependent behaviour of the flow system and the available
groundwater resources in Southern Jordan. The calculated present distribution of
groundwater levels compares fairly well with recent measurements of the ground-
water level in the deep aquifer (Fig. 2.1.5). Since groundwater level observations
are missing in large areas of the model domain, a real calibration is not yet possi-
ble. The model is therefore only one possible, even plausible representation of the
system (Schmidt et al. 2002).
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Fig.2.1.5. Calculated groundwater-head contours of the deep sandstone complex as
results of the three-dimensional South-Jordan model. After 5000 years of con-
tinuous depletion the calculated heads are close to the monitored water levels.
During the recent time the calculated groundwater flow to the Dead Sea
amounts to about 400 MCM annually.

The second model, a detailed flow model of the Siwaqa-Qatrana-Hasa well
fields (see model area in Fig. 2.1.1), was planned as a contribution to an optimal
management of the well fields for the water supply of Amman. The groundwater
situation in part of the model area was already studied in the earlier "El Lajjun
model". Due to overpumping, modelling results showed a high yearly drawdown.
With the new model it was possible to study the reaction of the aquifer in more
detail and to calculate various groundwater abstraction scenarios. The main model
results confirmed that water table drawdown continued since 1984 and reached
20-30 m after 10 years and 30-40 m after 20 years in the main well fields. It was
obvious that groundwater withdrawal created a mining situation. Based on these
results a strategy for a more sustainable groundwater abstraction was developed
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(Schmidt and Hobler 1994). Due to severe water shortages in Amman, the Water
Authority of Jordan was not able to follow these recommendations during the next

few years.
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Fig. 2.1.6.  Areas of the numerical model investigations in the Northern Jordan project

The next project, "Groundwater Resources of Northern Jordan", started mid
1991 and can be seen as a complement to the South Jordan Project. The main
objectives included capacity building as the central topic, development of a data
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bank and creation of a map of the groundwater resources potential (Margane et al.
2002). As part of the assessment of the groundwater resources, a flow model was
developed that takes all of the main aquifers of northern Jordan into consideration
(see Fig. 2.1.6). Other than with the more generic South Jordan model, the inten-
tion was to create the model as an instrument for advising the Water Authority in
the safeguarding and improvement of the drinking water supply of Jordan.
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Fig.2.1.7.  Predicted annual drawdown and shift of the limit of dry / water bearing part of
the A7/B2 aquifer (Groundwater model of Northern Jordan)

The data base for this model was much better than for the South Jordan model.
Model reliability was proved by the good agreement of calculated discharge with
spring discharge data. The model results illustrated again the severe consequences
of an annual groundwater withdrawal rate of more than 200 MCM, an amount in
excess of the recharge rate. Groundwater mining has now become common and the
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drawdown of the water table reached a typical mean value of about 1m/a in the
main abstraction areas. Some springs dried up after approximately 30 years of
groundwater development (see Fig. 2.1.7).

As part of the advanced training, the Jordanian counterparts also developed a
new model of the Siwaqa-Qatrana-Hasa well fields with a different computer code.
The model takes all available new data like abstraction and water level monitoring
into account (Fig 2.1.6). The results confirmed the findings of the earlier model of
1989. Within the framework of a technical co-operation project, the model of 1989
has also been validated in 2001. This project dealt with the validation of numerical
groundwater models developed and implemented by the BGR during the last 25
years in various countries.

In the last years of the North Jordan Project more emphasis was given to
groundwater protection problems. It became obvious that aspects of groundwater
quality are often more important than quantitative aspects. Methods for the preven-
tion of contamination of the scarce groundwater resources by agriculture, industry,
private users, waste dumps etc. were introduced as project topics. Groundwater
vulnerability maps (Fig. 2.1.8) and maps of hazards to groundwater were devel-
oped for the first time in Jordan for the Irbid area in the north and an area near
Amman (Margane et al. 1999).
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Fig. 2.1.8.  Groundwater vulnerability map of the Irbid area
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The maps were prepared as tools for land-use planning, which takes aspects of
groundwater protection into account. The vulnerability map of the Irbid area
showed for example, that the "Wadi el Arab" well field is at risk to become pol-
luted. The establishment of a groundwater protection zone for this well field is
therefore very important and will be a major topic of the ongoing cooperation
project (Margane et al. 2003). Another step in the improvement of groundwater
quality measures was the establishment of a groundwater protection zone for the
"Pella spring (Tabaqat Fahel)". The spring is used for the water supply of Irbid. For
the first time a groundwater protection zone was officially installed in Jordan and
local authorities were instructed on the necessary measures (Fig. 2.1.9).

Fig. 2.1.9. Groundwater protection zone at the Pella spring (Tabaqat Fahel)

The main goals of the new cooperation project on "Groundwater Resources
Management" include the elaboration of measures for groundwater protection and
their implementation by the Ministry of Water and Irrigation (MWI). This coin-
cides with the German Technical Co-operation strategy to advice governmental
organisations in the policy sector as a prerequisite for optimal water management.
The activities include the elaboration of guidelines for the delineation and imple-
mentation of groundwater protection zones at real sites. These activities serve as
examples for the application of concepts which prevent groundwater contamina-
tion by the analysis and evaluation of groundwater vulnerability. Other topics are
the examination of salt water intrusion problems and the evaluation of the effects
of anthropogenic contamination by groundwater modelling including contaminant
transport. The recommendations for preventive groundwater protection and the
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guidelines will be disseminated by the Ministry of Water and Irrigation in co-oper-
ation with other Jordanian organisations, ministries and stakeholders in the envi-
ronmental and water sectors. In addition, support will be given for the
hydrogeological part of the new National Water Master Plan. This also includes the
development of a groundwater model for Jordan.

213 International co-operation: ACSAD and ESCWA

Since many years BGR co-operates with two international organisations in the
Middle East, namely ACSAD ("The Arab Center for the Studies of Arid Zones and
Dry Lands") and ESCWA ("United Nations Economical and Social Commission
for Western Asia"). The role of these organisations as multipliers of knowledge to
other Arab countries is an important aspect for the co-operation. This implies that
ACSAD and ESCWA personnel are qualified to advice specialists of the member
countries in modern methods of groundwater management and protection. The
organization of advanced training courses, workshops and expert group meetings
and the compilation of guidelines are therefore some of the most important topics
of the cooperation.

These guidelines take general aspects of the situation in the whole region into
account and can be used as a basis for national guidelines of the different Arab
countries.

Since important groundwater systems are often shared between different coun-
tries, management on the national level has its limitations. Examples of shared
aquifer systems in the Arab region are the Nubian-Sandstone aquifer in northern
Africa and the Disi, the Paleogene and the Basalt aquifers in the Arabian peninsula.
Shared groundwater resources bear an immanent potential for conflicts between
countries, especially if the groundwater resources are scarce. This also holds if
groundwater contamination affects the groundwater quality in a neighbouring
country. Therefore, not only surface water basins but also shared groundwater
resources need to be managed in bilateral or multilateral co-operation. Interna-
tional organisations can initiate the dialog between the involved countries. They
can assist and support the process of a co-operative management of the shared
resources and help in the prevention of conflicts between the different parties.
Strengthening of this role is another important aspect of the co-operation with
ACSAD and ESCWA.

Advanced training of the staff of ACSAD was therefore one of the main topics
in all projects during the long time of co-operation. From 1988 to 1996 project
tasks included methods for groundwater protection and groundwater management
in general. Special emphasis was given to modern methods of geohydraulics,
groundwater modelling and isotope hydrology. ACSAD specialists were prepared
to carry out training courses in these fields. As an example, a groundwater manage-
ment plan was developed for the Palmyra basin in Syria. Fig. 2.1.10 shows the
groundwater situation in that basin.
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Fig. 2.1.10. Regional hydraulic setting of the Palmyra basin

The goal of the next project was the management, protection and sustainable use of
groundwater and soil resources. During the first project phase (1997-2000) the
main emphasis was on capacity building in hydrogeological and soil science stud-
ies and the dissemination of knowledge in specific workshops. In the ongoing sec-
ond phase, the strengthening of the national and regional competence in the
groundwater sector and the elaboration and implementation of guidelines were the
main topics. New or improved methodological approaches are being applied and
tested in pilot areas. These studies also serve for on-the-job training of specialists
from participating national institutions. Maps of soil and groundwater vulnerabil-
ity, hazards and risks of contamination were compiled, groundwater and transport
models developed and a groundwater and soil information system installed. Based
on the results from the pilot areas, guidelines for monitoring, protection and sus-
tainable development of groundwater and soil resources were prepared. Awareness
of the consequences of careless use of the scarce water resources is a precondition
for the sustainable development of the resources. Dissemination of project results
in regional workshops is therefore an important project task. Awareness and infor-
mation days for stakeholders as well as information of the public in any possible
way are essential for the success of such projects.

Three areas have been chosen as pilot areas in three different countries of the
ACSAD region: the Damascus Ghouta plain in Syria, the Beka'a valley in Lebanon
and the coastal area of Ras El-Jebel in Tunesia. General hydrogeological and soil
science surveys were carried out for the Ghouta and the Beka'a valley. Sets of the-
matic maps including groundwater vulnerability maps and maps of heavy metal
distribution in soil were compiled (Margane et al. 2003). In a second step, more
specific studies were selected for each of the three pilot areas. Studies on heavy
metals were carried out in the Ghouta Plain and on nitrate fluxes in the Beka'a val-
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ley. This included model calculations on contaminant transport in general. The
effects of overexploitation of groundwater, salt water intrusion and contaminant
transport are topics of the work in the Ras El-Jebel coastal area. The main purpose
of these studies was advanced training in modelling contaminant transport includ-
ing chemical reactions and density effects and the use of models in decision mak-
ing processes. One result of the contaminant transport calculations is shown in Fig.
2.1.11 (Altfelder 2003). Contaminants spread widely from three waste dumps (two
existing and one planned) in the central Beka’a Valley. The predicted concentra-
tion of pollutants will be highest near the newly planned waste dump, but the
spreading will be very low as a result of an appropriate construction method of the
dump. The northernmost waste dump seems to be the most dangerous one with
respect to groundwater contamination.

z1z088 T+ Q}
Zahle
z1o0088 T
. Zahle dump Delhamiya
==
o
=53 o
5 ZosoeaTaiihaya dump e
Concentra-
Hew dump ¥ 3 |°1
‘ tion (mall)
Aheoas
204083 T Q
Bar Elias
CJ .
303089 } I h | | ; ; 1 i ; i ;
L Ly L uy u uwy u wy by un by ul I u
L] & - & &, & & & & Ll Ll Ll L] ]
[ o~ [ [ [t [ L~ [ [y {5 - - -~ -
o = ] mM = 1] ) - - & N o & o
L] L] o W i '] o o W o -~ - - =~
B Bl — El — I — I — el — Ll — o
=

Fig. 2.1.11. Calculated plumes of nonsorbing nondegrading contaminants in the upper
aquifer of the Beka’a valley 13 years after an assumed contaminant input

Cooperation with ESCWA and its member states in the field of water resources
is going on since about ten years. During the first phases of this project, the main
emphasis was concentrated on two topics. The first one was knowledge transfer of
new methodologies in the groundwater sector mostly in form of workshops and
advanced training courses. The new methods include remote sensing, use of envi-
ronmental isotopes and application of transport models in hydrogeology. Reports
were prepared on project results and distributed to the member countries.

The second focal point of the project activities was the evaluation of regional
studies on groundwater systems in the ESCWA region. The hydrogeology of the
Basalt aquifer of Syria and Jordan and of the Paleogene aquifer in the Arabian pen-
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insula have been described in two comprehensive reports (ESCWA 1996 and
1999). For the storage of the data, a GIS based data bank on regional aquifers was
developed. The project tasks also included advice on groundwater related problems
for ministries in the various countries.

In the ongoing phase, the management of internationally shared aquifer systems
has the highest priority. This has to be seen in light of the above mentioned conflict
potential of shared water resources. Therefore, the project supports the ESCWA
member states in questions of an integrated management of such shared groundwa-
ter resources. Bilateral committees have been established to improve the regional
co-operation. Compilation of guidelines for an integrated water resources manage-
ment, for example priorities for water allocation, water resources protection, use of
non-conventional water resources, water rights and reduction of water consump-
tion is also an important task of the project team. Naturally, the guidelines have to
be modified for the purpose of the respective countries. As in earlier phases, results
of all activities will be presented and discussed in workshops and disseminated in
the member countries.

21.4 Conclusions

In general, the groundwater resources of the Near Eastern and North African coun-
tries are fairly well known. The knowledge on groundwater protection issues is
also increasing continuously. Many new tools like GIS and data bank systems,
groundwater and transport models, remote sensing methods and hydrochemical
methodologies for the management of the groundwater resources and their protec-
tion are available. Important next steps are the elaboration of guidelines and poli-
cies and the implementation of groundwater protection measures e.g. in the
national laws. At the same time, the information on groundwater protection and
sustainable use of the resources has to be presented to the public and disseminated
to stakeholders using appropriate methods.

A very important issue is the use and management of shared groundwater
resources. The problem is not new, but the significance of the problem was not
noticed for a long time. Therefore, it is a ,new* task for many governments. Advice
in handling this task, in finding a consensus between different countries and in pre-
venting them from conflicts could be provided by organisations working on an
international level. This is another good reason to support organisations like
ACSAD and ESCWA.

All of the BGR groundwater projects aim to ensure a safe supply of good quality
drinking water for the population. The interests of the various competing users
have to be taken into account on national and also international levels. To fulfil
these requirements integrated groundwater management systems have to be estab-
lished and guidelines and policies for various aspects of groundwater protection
and groundwater use including e.g. wastewater treatment and reuse or water price
structure have to be elaborated. These complex tasks can only be worked out suc-
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cessfully in co-operation with other scientific disciplines such as geosciences, soil
and environmental sciences and disciplines dealing with water rights and water

supply.
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