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MODULE 12
INTEGRATED GROUNDWATER RESOURCES MANAGEMENT

RATIONALE

Groundwater resources are essential resources in the ESCWA region which require
careful planning and management, so that groundwater can continue to sustain human
socio-economic development and the various ecosystems that depend on it. However
despite their importance, groundwater resources are often misused, usually poorly
understood and rarely well managed. .

In most of the ESCWA Region, groundwater resources” are under threat of
degradation both by inappropriate use (mismanagement) and by contamination.
Groundwater needs to be carefully managed if its use is to be sustained for future
generations. Proper management is required to avoid serious degradation and there
needs to be increased awareness of groundwater at the planning stage to ensure equity
for all stakeholders, and, most important of all to match water quality to end use.

This module presents the status of groundwater resources in the ESCWA region and
their major issues, and discusses the conundrum of exploitation and sustainability and
the impacts of over-exploitation on society (socio-economic and environmental) with
case studies from the region. Then, groundwater resources management and strategies
from an IWRM perspective are introduced and relevant approaches are presented.
Furthermore, the issue of utilization of non-renewable groundwater resources from a
socially sustainable approach is presented and discussed.

OBJECTIVES

1. Introduce groundwater resources in the ESCWA region, dependency and their
status, and their main management issues and challenges

2. Provide special insight into groundwater conditions (quantity and quality) in the
ESCWA and the impacts of over-exploitation on groundwater resources and
society

3. Discuss the concept of “sustainable groundwater management” for in arid region

4. Introduce integrated groundwater resources management and practice

5. Present and discuss options for groundwater management and protection
strategies in an integrated approach

6. Introduce and discuss a socially-sustainable approach for the utilization of non-

renewable groundwater resources
7. Present monitoring considerations and simulation models as management tools
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- Updating the assessment of water resources in ESCWA member countries, 2003,
ESCWA, E/ESCWA/ENR/1999/13.

- Implication of groundwater rehabilitation, water resources protection and
conservation: artificial recharge and water quality improvement in the ESCWA
region, 2001, ESCWA, E/ESCWA/ENR/2001/12.

- Current water policies and practices in selected ESCWA member countries, 2001,
ESCWA, E/ESCWA/ENR/1999/15.
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SESSION TOPIC SYNTHESIS

QUESTIONS FOR | 1. What are the functions and socio-economic and ecological values of groundwater
DISCUSSION resources in your country/ESCWA region?
2. What are the main groundwater management issues in your country/ESCWA
region?

(US]

What is the stage of groundwater resources development in your country (minor

local stress, significant stress, over-exploited), if you have more than one aquifer

choose one? Identify the applied groundwater management tools and interventions
being practiced today in your country. Analyze the situation between what should
be done and what is being done. Is there a gap between the two and in which area?

4. What are the major differences between groundwater and surface water in terms of

characterization and management? .

How should integrated groundwater resources management be practiced?

6. In terms of groundwater management strategies, what are the most efficient and
suitable “demand-side” and/or “supply-side” actions for groundwater resources
management under the prevailing socio-economic and political conditions of your
country?

7. In your country, is groundwater resources protection included in the groundwater
management strategy? If yes, how it is practiced? Is it effective?

8. Is there a formula for sustainable management of non-renewable groundwater

resources? What are the main factors to be considered in the management of these

resources?

e

1. Introduction

In the ESCWA region groundwater is a vital and essential source for all sectors. In eight ESCWA member
countries (Palestine, Jordan, Yemen, Saudi Arabia, Kuwait, Bahrain, Oman, Qatar, and UAE) groundwater is
the main source for domestic consumption (particularly in rural areas) and irrigation, with groundwater
dependency ratio of more than 50% and reaches more than 80% in some countries (e.g., Saudi Arabia and
Yemen). Furthermore, for the other relatively surface water-rich countries, groundwater utilization and
reliance is emerging and is on the rise due to the steady increase in water demands (due to rising population,
per capita use, increasing need for irrigation, urbanization, tourism industry, etc.), and groundwater
dependency is expected to increase with time. Groundwater resources are therefore an essential resource in the
ESCWA region that requires careful planning and management so that they can continue to sustain human
socio-economic development and the various ecosystems depending on them. Proper management is required
to avoid serious degradation and there needs to be increased awareness of groundwater at the planning stage,
to ensure equity for all stakeholders, and most important of all, to match water quality to end use.

In the last four decades, rapid increase of population, ambitious agricultural policies in several countries,
increase of economic activities, as well as unplanned utilization and mismanagement, all have lead to
extensive groundwater withdrawal leading to its “over-exploitation'” in most of the countries. This has been
manifested by continuous water level declines and degradation of water quality due to salinization. In addition
to their over-exploitation and quality deterioration, groundwater resources in the region are being threatened
and polluted by numerous point and non-point sources of pollution generated from anthropogenic activities,

intensive groundwater abstraction than in its absolute level. Thus the most appropriate definition is probably an economic
one: that the ‘overall cost of the negative impacts of groundwater exploitation (including social, economic, and
environmental) exceed the net benefits of groundwater use’, but of course these impacts can be equally difficult to predict
and to cost

When speaking of aquifer “over-exploitation” we are invariably much more concerned about the consequences of



such as agricultural (saline and contaminated irrigation return flows with pesticides, fertilizers, herbicides,
etc.), industrial (discharge of hazardous and toxic industrial wastes, underground storage tanks, surface and
deep disposal of oil and gas brines, etc.), and domestic activities (discharge of inadequately treated domestic
wastewater, septic tanks, municipal land fills, etc.).

The deterioration of groundwater quality has become a critical issue throughout most of the countries in the
ESCWA region. As the quality of groundwater deteriorates its availability to use diminishes, thereby reducing
available groundwater supplies, increasing overall water shortages, and intensifying the problem of water
scarcity in the region. The loss of groundwater resources may have dire consequences on the countries’ socio-
economic development, increases health risks, and damages the environment. When evaluating the impact of
groundwater depletion on society, two key issues are usually considered. These are the level of reliance on
groundwater and the marginal cost (Valuing Water and Pricing Modules), which is the cost of providing
replacement supplies from another source. Moreover, in the arid ESCWA region groundwater has a scarcity
value, and hence the opportunity cost (Valuing Water and Pricing Modules) for alternative or competing uses
need to be incorporated, as well as its functional value in maintaining the fragile ecosystem of the region
(Environment and IWRM Module). Furthermore, in many countries of the ESCWA region, groundwater
resources are non-renewable (fossil), and the issue of “sustainability” of these resources is problematic, and
requires clear definition. Sustainability of these resources should be interpreted in a social rather than a
physical context, implying that full considerations must be given not only to the immediate benefits, but also
to the “negative impacts” of development, and to the “what comes after?” question. Therefore, an "exit
strategies” need to be identified, developed, and implemented by the time that the aquifer is seriously depleted.
An exit strategy scenario must include balanced socio-economic choices on the use of aquifer storage reserves
and on the transition to a subsequent less water-dependent economy, and the replacement water resource.

During the past few decades, economic policies in several ESCWA member countries have given priority and
support to the development and expansion of irrigated agriculture. Food security is the major economic goal
and it is used to, justify the expansion of certain grains and crops characterized as water-intensive. Economic
policies in some countries encourage over-pumping of groundwater for irrigation use. Subsidized prices of
gasoline and electricity, subsidized credit for buying water pumps and irrigation equipment, exemptions of
tariffs on imported fertilizers and equipment, subsidized prices of certain agricultural products, protection
against foreign competition.in the domestic markets, are all examples of the tools used to implement these
agricultural-based economic polices. It is obvious that none of these policies have been subject to serious
assessment in terms of their impact on the sustainability of water resources in general, and groundwater
resources in particular. Although agriculture is the largest user of water in the region, rapid urbanization and
improved quality of life in terms of health, sanitation and social services have also resulted in a sharp increase
in water demand for municipal purposes. Conflict between the agricultural and domestic sectors is rising in
most of the region, and as a result, groundwater over-exploitation and mining is expected to continue in order
to meet growing demand in all sectors.

2. Integrated Groundwater Resources Management

Groundwater differs from surface water because of the contrasting physical and chemical environment in
which it occurs, although the water itself is essentially part of the same overall cycle. Surface water flows
relatively rapidly in small streams, which feed the main river draining the catchment area concerned. The
catchment area of each river basin is determined by land surface topography and generally does not change
with time. On the other hand, groundwater moves through aquifers from areas of recharge to areas of
discharge, normally at slow rates ranging from 1 m/year to 100s m/day. Tens, hundreds or even thousands of
years may elapse between initial recharge and eventual discharge, to a spring, stream, or the sea. Furthermore,
the flow boundaries of groundwater (in space and depth) are generally more difficult to define and may vary
with time. The difference is further accentuated because groundwater forms the ‘invisible part’ of the




hydrological cycle, which can lead to misconceptions amongst stakeholders.

Key Chailenge for Groundwater Resources Management

Groundwater resources management has to deal with balancing the exploitation of a complex resource (in
terms of quantity, quality, and surface water interactions) with the increasing demands of water and land users
(who can pose a threat to resource availability and quality). Calls for groundwater management do not usually
arise until a decline in well yields and/or quality affects one of the stakeholder groups. If further uncontrolled
pumping is allowed, a ‘vicious circle’ may develop and damage to the resource as a whole may result, with
serious groundwater level decline, and in some cases aquifer saline intrusion (or even land subsidence). To
transform this ‘vicious circle’ into a ‘virtuous circle’ it is essential to recognize that managing groundwater is
as much about managing people (water and land users) as it is about managing water (aquifer resources). Or,
in other words, that the socio-economic dimension (demand-side management) is as important as the
hydrogeological dimension (supply-side management) and integration of both is always required. In most
situations, groundwater management will need to keep in reasonable balance the costs and benefits of
management activities and interventions, and thus take account of the susceptibility to degradation of the
hydrogeological system involved and the legitimate interests of water users, including ecosystems and those
dependent on downstream base-flow. In practical terms it will be necessary to set possible management
interventions in the context of the normal evolution of groundwater development, and for this it is convenient
to distinguish a number of levels. However, it must be noted that preventive management approaches are
likely to be more cost-effective than purely reactive ones.

3. Groundwater Management Strategies

Strategies needed to stabilize heavily stressed Aquifers are generally sub-divided into demand-side
management interventions and the supply-side engineering measures. Furthermore, it should be noted that
although groundwater management is conducted at local aquifer level, national food and energy policies can
exert an overriding influence on the behavior of groundwater abstractors, and thus on resource development
pressures and management strains. Among these, subsidies on electricity, well drilling, pumpsets, grain and
milk prices are probably the most significant. In general terms these subsidies should always be reviewed, and
consideration be given to re-targeting the revenue involved into water-saving technology and/or assisting only
the neediest members of the community.

It is always essential to address the issue of constraining demand for groundwater abstraction, since this will
normally contribute more to achieving the groundwater balance, and in the more arid and densely-populated
areas, such as the ESCWA region, will always be required in the longer run. Complementary local supply-side
measures, such as rainwater harvesting, aquifer recharge enhancement (with excess surface run-off or
other sources of water such as desalination and treated wastewater, or even through soil aquifer treatment
techniques (SAT)), and urban wastewater reuse should always be encouraged, especially where conditions
are favorable. They are often important in terms of building better relationships with groundwater users and
can provide an initial focus for their participation in aquifer management. Moreover, reducing groundwater
resource used for irrigated agriculture is of paramount importance in the ESCWA region, for it is the main
consumer of groundwater resources (>85%), and where major savings can be achieved (irrigation efficiencies
30-50%). If larger water savings are needed (e.g., Arabian Peninsula) then consideration should also be given
to changes in crop type and land use (e. g. through higher-value crops under greenhouse cultivation or returning
a proportion of the area to dryland cultivation of drought-resistant crops). An even more radical option would
be to place a ban on the cultivation of certain types of irrigated crop in critical groundwater areas. The success
of agricultural water-saving measures in reducing the decline in aquifer water levels depends directly on these
savings being translated into permanent reductions in well abstraction rights and actual pumping. It is essential
that water savings are not used to expand the irrigated area or to increase water usage in other sectors.




4. Groundwater Quality Protection ‘

In several ESCWA countries, groundwater is a vital natural resource for the reliable and economic provision
of potable water supply in both the urban and rural environment. It thus plays a fundamental role in human
well-being, as well as that of some aquatic and terrestrial ecosystems. For municipal water supply, high and
stable raw-water quality is a prerequisite, and one best met by protected groundwater sources. Recourse to
treatment processes (beyond precautionary disinfections) in the achievement of this end should be a last resort,
because of their technical complexity and financial cost, and the operational burden they impose. As indicated
above, many aquifers in the ESCWA region are experiencing an increasing threat of pollution from
urbanization, industrial development, agricultural activities and mining enterprises. Thus proactive campaigns
and practical actions to protect the natural quality of groundwater are widely required, and can be justified on
both broad environmental-sustainability and narrower economic-benefit criteria. If groundwater becomes
polluted, it is difficult and usually very costly to rehabilitate; clean-up measures nearly always have a high
economic cost and are often technically problematic. Low microbial activity, low recharges and slow flow
rates, which reduce mixing, mean that self-purification of groundwater is very limited. Degradation processes,
which take days or week in surface water, are likely to take decades in groundwater systems. It is therefore
advisable to prevent or reduce the risk of groundwater contamination rather than have to deal with the
consequences of pollution. Groundwater protection should therefore be the top priority, and be an
essential part in the overall management strategy of groundwater.

Groundwater Vulnerability Assessment

The goal of vulnerability assessment is to provide policy makers with groundwater regions most susceptible to
contamination so that land management practices can be optimized to protect the groundwater resource, as
major contaminates of concern have been significantly correlated to certain land uses and practices. In other
words, in order to protect groundwater, we must map vulnerable aquifers, then implement and enforce
policies restricting harmful land use practices at the country level and the municipal level. Groundwater
vulnerability assessment is an issue of spatial distribution and therefore typically carried out using geographic
information systems (GIS).

Wellhead Protection Area (WHPA)

Whether this hazard will result in a threat to a public-supply source depends primarily on its location with
respect to the groundwater sources (and their flow-zones and capture areas), and secondarily on the mobility of
the contaminant(s) concerned within the local groundwater flow regime. A number of areas and zones should
normally be defined, using hydrogeological data on the local groundwater flow regime. Various analytical and
numerical models are available to facilitate their delineation.

Groundwater pollution hazard assessments should prompt municipal authorities or environmental regulators to
take both preventive actions (to avoid future pollution) and corrective actions (to control the pollution threat
posed by existing and past activities). To protect aquifers against pollution it is essential to constrain land-
use, effluent discharge and waste disposal practices. However, in practice it is necessary to define
groundwater protection strategies that accept trade-offs between competing interests. Thus instead of applying
universal controls over land use and effluent discharge, it is more cost-effective (and less prejudicial to
economic development) to utilize the natural contaminant attenuation capacity of the strata overlying the
aquifer, when defining the level of control required to protect groundwater quality. Simple and robust zones
(based on aquifer pollution vulnerability and source protection perimeters) need to be established, with
matrices that indicate what activities are possible where at an acceptable risk to groundwater. Groundwater
protection zoning also has a key role in setting priorities for groundwater quality monitoring, environmental
audit of industrial premises, pollution control within the agricultural advisory system, determining priorities
for the clean-up of historically-contaminated land, and in public education generally. All of these activities are
essential components of a sustainable strategy for groundwater quality protection.




5. Utilization of Non-Renewable Groundwater

The use of the term ‘sustainability’ in the case of non-renewable groundwater resources requires clarification.

It is interpreted here in a social, rather than a physical context, implying that full consideration must be

given, not only to the immediate benefits, but also to the ‘negative impacts’ of development and to the ‘what

comes after?” question—and thus to time horizons of 100s of years. There are two very different situations
under which the utilization of non-renewable groundwater occurs:

- Planned schemes in which the mining of aquifer reserves is contemplated from the outset, usually for a
specific development project in an arid area with little contemporary groundwater recharge (e.g., the
Libyan Sarir Basin).

- On an unplanned basis with incidental depletion of aquifer reserves, as a result of intensive groundwater
abstraction in areas with some contemporary recharge but where this proves insufficient or where there is
limited hydraulic continuity between deep aquifers and their recharge area (e.g., Saq aquifer, the shared
Disi aquifer and the Paleogene aquifer in the Arabian Peninsula).

In the ‘planned depletion scenario’ the management goal is the orderly utilization of aquifer reserves (of a
system with little pre-existing development), with expected benefits and predicted impacts over a specified
time frame. Appropriate ‘exit strategies’ need to be identified, developed and implemented by the time that the
aquifer is seriously depleted. This scenario must include balanced socio-economic choices on the use of
aquifer storage reserves and on the transition to a subsequent less water-dependent economy. A key
consideration in defining the ‘exit strategy’ will be the identification of the replacement water resource, such
as desalination of seawater or brackish groundwater.In the unplanned situation a ‘rationalization scenario’ is
needed in which the management goal is:

- Hydraulic stabilization (or exceptionally recovery) of the aquifer, or

- More orderly utilization of aquifer reserves, minimizing quality deterioration, maximizing groundwater

productivity and promoting social transition to a less water-dependent economy

In both cases the groundwater abstraction rate will have to be reduced, and thus the introduction of
demand management measures (including realistic groundwater charges and incentives for real water-
saving) will be needed. In the longer run potable water supply use will have to be given highest priority and
some other lower productivity uses may have to be discouraged.Furthermore, it is equally important to identify
all aquatic and/or terrestrial ecosystems that may be dependent on, or actively using, the aquifer concerned and
to make predictions of the likely level of interference that will occur as a result of the proposed development.
It has to be recognized that some aquatic ecosystems may only be capable of being sustained (even in a
reduced form) through the provision of compensation flows, sometimes accomplished by local irrigation
and/or aquifer recharge. This consideration will need to be realistically factored in to the evaluation of the
acceptability of the proposed groundwater development. Non-renewable groundwater in aquifer storage must
be treated as a public-property (or alternatively common-property) resource. It is also important to agree on
the level in government to which the decision on mining of aquifer reserves must be referred. In countries with
a non-sectoral water resources ministry, such as many of the ESCWA countries, the decision could rest with
the corresponding minister, but in others it would be better taken by the president’s, prime minister’s or
provincial governor’s office (according to the territorial scale of the aquifer) with advice from a multi-sectoral
committee. The preferred institutional arrangement is for all groundwater management functions to be handled
by a single government agency, with representation at a territorial scale appropriate to the aquifer concerned.
If this is not possible then all ministries and agencies with a stake in groundwater development and
environmental management should be involved, through a coordinating committee. In both instances the water
resources administration should have authority to:

- Declare the aquifer that is, or will be, subject to mining of non-renewable resources as a ‘special area’

subject to specific demand management programs.




- Establish, under the appropriate government minister (at national or provincial level), a special unit to
coordinate the resource management of the aquifer concerned

The full participation of groundwater users will be key to successful implementation of management measures.
This will be best approached by establishment of an aquifer management organization (AMOR), which should
include representatives of the entire main sectoral and geographically based user groups, together with those of
government agencies, local authorities and other stakeholders. National groundwater legislation will not
generally provide a sufficient basis alone for addressing the management of non-renewable resources. Specific
provisions for a given aquifer’s storage reserves will have to be made through regulations, which, in turn, need
to be supported by administrative and technical guidelines. It is also important not to treat groundwater law in
isolation from legislation in other sectors (such as land-use planning, public works construction, agricultural
development, environmental protection, etc.), which can impact directly on groundwater resources.

A high priority will be to put in place a system of groundwater abstraction rights (sometimes known as
permits, licenses or concessions). These must be consistent with the hydrogeological reality of continuously
declining groundwater levels, potentially decreasing well yields and possibly deteriorating groundwater
quality. Thus the permits (for specified rates of abstraction at given locations) will need to be time-limited in
the long term, but also subject to initial review and modification after 5-10 years, by which time more will be
known about the aquifer response to abstraction through operational monitoring.The value of detailed
monitoring of groundwater abstraction and use, and the aquifer response (groundwater levels and its
quality) to such abstraction, cannot be overemphasized. Monitoring of water quality, water levels, and water
extraction in an aquifer is the foundation on which groundwater resource management is based. The water
resource administration, stakeholder associations and individual users should carry this out. The existence of
time-limited permits subject to initial review will normally stimulate permit holders to provide regular data on
wells.

6. Groundwater Simulation Modeling — An Essential Management Tool

Numerical groundwater models are an efficient management and planning tool for the development of
complex aquifer systems. Models, if properly constructed are useful to estimate the effects of future
development/management schemes on the groundwater system. In addition, they can aid in understanding of
the overall behavior of a given aquifer system. The computed result of an aquifer simulation is the
potentiometric surface distribution of the aquifer and the salinity distribution in the aquifer or the
concentration of a particular contaminant species, which are the critical factor in water resources management
and planning. While the aquifer in reality can be developed only once at considerable expense, a numerical
model can be run many times at low expense over a relatively short period of time. Observations of model
performance under different development and management options aids in selecting an optimum set of
operating conditions to use the aquifer without endangering its sustainability.
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A. INTRODUCTION
FIGURE 1. THE EARTH WATER

Most of the Earth’s liquid freshwater is found, not in lakes and
rivers, but is stored underground in aquifers (Figure 1).
Aquifers are convenient sources of water because they are
natural underground reservoirs and can have enormous storage
capacity, often with good quality water owing to their natural
protection from contamination. Groundwater is a vital natural
resource for the reliable and economic provision of water
supply in both the urban and rural environment. It thus plays a
fundamental (but often little appreciated) role in human well-
being, as well as that of some aquatic and terrestrial
ecosystems.

Groundwater importance and usefulness to society stems from
their being relatively easy and cheap to use, as they can be
brought on-stream progressively with little capital outlay and
boreholes can often be drilled close to where the water supply
is needed; they are a resource that is organizationally easy to
develop, as individuals can construct, operate and control their
own supply, often on their own land; and many aquifers able to
offer natural protection from contamination, so untreated fivers
groundwater is LTsualIy cleaner and safer than its untreated : o tsan?:;é?;%f
surface water equivalent.

Source: Ramsar, 2003: www. Ramsar.org

The importance of groundwater is even more pronounced in arid regions, such as the ESCWA region, where
surface water resources are scarce; groundwater in eight ESCWA member countries (Palestine, Jordan, Yemen,
Saudi Arabia, Kuwait, Bahrain, Oman, Qatar, and UAE), is the main source for domestic consumption and
irrigation, with groundwater dependency ratio of more than 50% and reaches more than 80% in some countries
(Saudi Arabia, Oman, and Yemen). Furthermore, for the other countries, groundwater utilization and reliance is
on the rise due to the steady increase in demand for water in these countries (from rising population, per capita
use, increasing need for irrigation, etc.). In the future, it is expected that groundwater dependency in all the
ESCWA countries increase.

Groundwater resources are therefore an essential resource in the ESCWA region that requires careful planning
and management so that groundwater can continue to sustain human socio-economic development and the
various ecosystems that depend on it. However, groundwater resources are under threat of degradation both by
inappropriate use (mismanagement) and by contamination. Despite its importance, groundwater is often
misused, usually poorly understood and rarely well managed. The main threats to groundwater sustainability
arise from the steady increase in demand for water and from the increasing use and disposal of chemicals to the
land surface. Overuse of groundwater resources in the ESCWA region has put great pressure on its further
development and management, especially deep groundwater, as a result of extensive mining and increasing
pollution levels. Furthermore, increasing urbanization, the use of pesticides and fertilizers in agriculture and the
dumping of industrial waste have resulted in the contamination of groundwater sources, especially shallow ones,
and further upset the balance between supply and demand. In many countries, the cost of developing new
supplies is becoming prohibitive and no effort has been made to rehabilitate contaminated aquifers. The
challenge of meeting future demand for water lies in efficient use, monitoring quantity and quality,
avoiding over-consumption and pollution, and rehabilitation.
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Groundwater sources are being lost as a result of pollution and are posing health risks and damaging the
environment. Over the last few decades, cases of groundwater quality degradation and pollution in the ESCWA
region have been reported around some major urban centers and irrigation regions. Increased salinity of
groundwater in aquifers along the Mediterranean, Red Sea and the Arabian Gulf coasts from salt water intrusion
is common, while the rise of the water table in some urban centers has had environmental and health
consequences. There is a need to increase awareness of these problems and encourage decision-makers to
explore ways of managing this vital resource to the region.

Groundwater needs to be carefully managed if its use is to be sustained for future generations. Proper
management is required to avoid serious degradation and there needs to be increased awareness of groundwater
at the planning stage, to ensure equity for all stakeholders and most important of all to match water quality to
end use. A particular water management difficulty arises from the small scale and incremental nature of
groundwater development because highly dispersed ownership/use needs imaginative regulatory and financial
measures. In such cases there is often the problem that the generally high quality of much groundwater is not
reflected in the value of the uses to which it is put.

The longstanding conflict in peri-urban aquifers between groundwater for irrigation versus public water supply is
a case in point. A vital aid to good groundwater management is a well-conceived and properly supported
monitoring and surveillance system. ‘Out of sight, out of mind’ is a poor philosophy for sustainable
development. The general neglect of groundwater resources in terms of national planning, monitoring and
surveillance will only be overcome once effective monitoring is regarded as an investment rather than merely a
drain on resources. For this reason monitoring systems should be periodically reassessed to make sure that they
remain capable of informing management decisions so as to afford early warning of degradation and provide
valuable time to devise an effective strategy for sustainable management.

B THE STATUS OF GROUNDWATER RESOURCES IN THE ESCWA REGION?

Water resource issues are probably more significant in the ESCWA region than in any other part of the world
because of the scarcity of water and its mismanagement. When projected water requirements for all purposes are
compared with available surface and groundwater resources, serious questions arise as to the long-term
economic and environmental sustainability of existing water resource development and water usage patterns.
Under existing patterns of water usage and prevailing water scarcity, it is unlikely that the expansion of irrigated
agriculture can proceed without leading to water shortages, especially in the domestic sector. Water resources
consist of surface water from major rivers in Egypt, Iraq, Syria, Lebanon and Jordan, estimated at 150.7 billion
cubic meters (bcm) and renewable groundwater in shallow aquifers with limited reserves receiving recharge at
18.7 bem. There are significant reserves in deep aquifers with fossil water and poor water quality. Treated
wastewater and drainage water is estimated at 8.3 bcm and desalinated water at 2.1 bem. In 2000, total
consumption was 150.5 bem, use of groundwater being 30 bem. The water resources of the ESCWA region are
shown in Table 1.

B.1. Groundwater Resources
Groundwater is a vital source for all sectors, the irrigation sector and rural communities, especially in the
Arabian Peninsula, being heavily dependent on it. Groundwater is the main source of water for some ESCWA
countries. Groundwater as a percentage of total supply varies, not only from one country to another, but also
from sector to sector within the same country. It is the main domestic water supply in many rural areas of the

2 Based on ESCWA document “Implication of groundwater rehabilitation, water resources protection and conservation:
artificial recharge and water quality improvement in the ESCWA region”, 2001, ESCWA, E/ESCWA/ENR/2001/12.
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ESCWA region, and even in GCC countries, where desalination is extensively used; groundwater sources are
mixed with desalinated water to increase mineral content. It is also the main water supply for irrigation purposes
in the Arabian Peninsula. A similar picture of varying degrees of reliance on groundwater also emerges for the
irrigation sector in the remaining member states. Furthermore, in terms of annual replenishment, groundwater
aquifers receive and store the bulk of the annual run-off in the Arabian Peninsula and Jordan (For details refer to
Annex A).

At the regional level, groundwater accounts for about 11% of total annual renewable water resources (i.e.
groundwater recharge). At country level, however, groundwater can be much more significant, especially in
GCC countries, Jordan and the West Bank, as is shown in Table 1. In the countries of the Arabian Peninsula and
part of Jordan, where there are no major renewable surface water sources such as rivers, the depletion of
groundwater is demonstrated through the use of a sustainability indicator and is shown in Table 2. Sustainability
of groundwater is associated with groundwater recharge that may occur seasonally or intermittently.

B.2. Groundwater Utilization ‘

Groundwater reserves in both renewable shallow and non-renewable deep aquifers are currently the main source
of water in Jordan, the Syrian Arab Republic, Egypt, Republic of Yemen, the GCC countries and Gaza, and have
been exploited to meet domestic and agricultural water requirements. Jordan, Saudi Arabia and Bahrain have
been exploiting their non-renewable groundwater, while Qatar, the United Arab Emirates, Oman and Yemen are
using fossil water sources over 20000 years old to meet rising demand in the agricultural sector. Groundwater
utilization has exceeded the safe yield of the aquifers. Safe yield, which is regional groundwater recharge of the
sustainable use of groundwater, is estimated at 18.5 bcm. In 1996, groundwater utilization in the ESCWA region
was 28.3 bem, compared to 18.5 bem of groundwater recharge, with 67% withdrawal in the GCC countries and
Yemen.

Agriculture is the largest user of water in the region, but rapid urbanization and improved quality of life in terms
of health, sanitation and social services have resulted in a sharp increase in water demand for municipal
purposes. When combined with industrial and agricultural uses, high demand for water has caused an imbalance
between water availability and water required for socio-economic development (ESCWA, 1999). Groundwater
mining is expected to continue in order to meet growing demand in all sectors. The percentage of water
requirements in the ESCWA region in the year 2000 is shown in Table 3.
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TABLE 2. SUFFICIENCY OF RENEWABLE WATER RESOURCES IN THE ESCWA REGION

Sustainability indicator?

Renewable water resources (MCM) | Annual water per capita” (m)’ (%)

Surface GW
Country/area water Recharge Total 1997 2015 2025 1997 | 2000 2025
Bahrain 0.2 100 100.2 137 131 99 |309 349 608
Egypt 55500 4100 59 600 925 698 658 110 115 145
Iraq 70370 2 000 72 370 2 963 1832 1359 68 88 118
Jordan 475 277 752 168 78 70 101 168 235
Kuwait 0.1 160 160.1 89 62 57 | 438 500 874
Lebanon 2 500 600 3100 995 437 341 40 53 124
Oman 918 550 1468 613 403 309 117 103 169
Qatar 1.4 85 86.4 98 70 60 | 345 580 943
Saudi Arabia 2230 3 850 6 080 311 - 182 150 | 268 292 398
Syria 16 375Y 5100 21475 1438 948 609 46 80 110
UAE 185 130 315 137 103 67 | 388 692 1015
Palestine 30 185 215 - - - 205 230 600
Yemen 2250 1 400 3 650 303 165 114 79 72 97
Total 152 18.5 169 372 - - - - - -

335

Source: Updating the Assessment of Water Resources in ESCWA Member Countries E/ESCWA/ENR/1999/13.

a/ The flow of rivers may be reduced by upstream extraction.

b/ Water barrier index. Renewable resources/population.

¢/ Sustainability indicator. Water use/renewable resource. Future sustainability is based on 2000 and 2025 water
demand programs (10-20% indicate better management practices while more than 40% mismanagement).

- Data not available.

TABLE 3. PERCENTAGE OF WATER REQUIREMENTS IN THE ESCWA REGION IN 2000

Domestic water Industrial water Agricultural water

Country demand (%) demand (%) demand (%)
Bahrain 46.8 9.2 44.0

Egypt 4.4 7.8 87.8

Iraq 7.4 1.7 90.9

Jordan 31.3 5.0 63.7

Kuwait 63.6 17.8 18.6

Lebanon 22.0 10.6 67.4

Oman 14.2 4.6 81.2

Qatar 42.4 4.3 53.3

Saudi Arabia 13.3 2.3 84.4

Syrian Arab Republic 7.5 2.8 89.7

United Arab Emirates 34.0 1.4 64.3

West Bank and Gaza Strip 52.5 3.6 43.9

Yemen 10.0 1.7 88.3

Source: Compiled by the ESCWA Secretariat from country papers, regional and international sources, 1992, 1994,
1995, 1996, 1997, 1999, and questionnaires.
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B.3. Groundwater Quality Deterioration and Pollution

In the ESCWA region, groundwater quantity and quality are threatened by various development activities, and
mismanagement. Groundwater has been over-exploited through excessive, uncontrolled pumping in many
groundwater basins in the ESCWA region, and groundwater quality is deteriorating as a result of seawater or
brackish/connate water intrusion into aquifers. All these factors have resulted in a progressive reduction in
available groundwater resources in the region, to the extent that sustainable agricultural development may be
hindered in the future, and municipal water supplies are reduced. In addition to their over-exploitation and their
quality deterioration, groundwater resources in the ESCWA region are being threatened and polluted by
numerous point and non-point sources of pollution generated from anthropogenic sources (agricultural,
industrial, urban, and domestic activities). As the quality of groundwater deteriorates, due to over-exploitation or
direct pollution, its uses diminishes, thereby reducing groundwater supplies, and increasing water shortages, and
intensify the problem of water scarcity in the countries of the ESCWA region.

1. Groundwater Quality Deterioration due to Over-Exploitation - Salinization

Quality degradation of the ESCWA coastal aquifers from saltwater intrusion is the result of the pumping of
groundwater exceeding recharge. This is happening in the coastal aquifers of Egypt, Syria, Lebanon, the Gaza
Strip and all countries of the Arabian Peninsula. One of the major groundwater pollution sources in Lebanon is
saltwater intrusion along the coastal zone as a result of over-pumping of groundwater. The karstified coastal
aquifers were exposed to increased sea water intrusion and chloride content increased from 250 mg/l in 1968, to
1200 in 1973 and 2000 mg/l in 2000 (ESCWA, 2001). The excessive utilization of groundwater has resulted in
continuous and sharp decline in groundwater levels and severe quality deterioration in all the GCC countries due
to seawater intrusion and connate waters encroachment. For example, in Al-Hassa Oasis in Saudi Arabia water
levels decline of more than 70 m in the Umm Er Radhuma aquifer occurred in the period 1984-1978,
accompanied by groundwater salinity increase of more than 1000 mg/L (Al-Mahmood, 1987). In Bahrain, the
Dammam aquifer water levels have dropped by more than 4 m in the period 1960-1990, resulting in the loss of
more than half the original aquifer due to seawater intrusion and deep brackish water upflow, and the increase of
the salinity of the remaining parts of the aquifer (Al-Zubari, 1999). In Kuwait, water levels in the Dammam
aquifer in Sulaibiya and Al-Shagaya wellfields have dropped by about 40 and 50 m, respectively, during the
period 1960-1990 (Sayid and Al-Ruwaih, 1995), accompanied with seawater and connate water intrusion
causing sharp increases in groundwater salinity (Al-Murad, 1994).

In the United Arab Emirates, excessive groundwater pumping has created cones of depression ranging from 50-
100 km in diameter in Al-Dhaid, Hatta, Al-Ain, and Liwa areas. These cones have caused declines of
groundwater levels, dryness of shallow wells, and saltwater intrusion problems (Rizk et al., 1997). Al-Asam and
Wagner (1997) indicated that intensive groundwater abstraction in the eastern coastal plains of the United Arab
Emirates caused a wide-spread increase in water salinity, and abandoned irrigation wells and dying date
plantations are an obvious signs of the adverse effects of groundwater over-extraction. In Oman, saline intrusion
is a serious source of pollution of coastal areaas. In an isotope study conducted by the Ministry of Water
Resources in northern Oman (Macumber et al., 1997) it was reported that seawater intrusion is widespread in Al-
Batinah coastal plain and that at Al-Khawd fan seawater intrusion has migrated about 6 km inland from the
coast. In eastern Saudi Arabia saltwater intrusion was observed with reported values of 15000 to 21 00 mg/I total
dissolved solids (Abdulrahman 2000). A similar situation was observed in the coastal aquifers in Yemen, with
high chloride content as a result of saltwater intrusion.

2. Groundwater Quality Deterioration by Anthropogenic Activities

In addition to their over-exploitation and quality deterioration, groundwater resources in the ESCWA region are
being threatened and polluted by numerous point and non-point sources of pollution generated from
anthropogenic sources (agricultural, industrial, and urbanization activities). The level of groundwater pollution
differs from one country to another depending on the intensity of social and economic development activities,
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the infiltration-recharge mechanism and hydrogeological conditions. Potential groundwater pollution sources are

shown in Figure 2. Groundwater degradation in the ESCWA region is the result of a number of factors, the most

important being:

1. Increases in the discharge of untreated or inadequately treated domestic and industrial water in open areas,
rivers and wadis;

2. Discharge from agro-processing plants and a high level of agrochemicals in rivers, wadis and dump sites;

3. Discharge of hazardous and toxic industrial waste in inadequate dump sites;

4. Infiltration of saline agricultural drainage from large scale irrigation into shallow aquifers (irrigation return
flows);

5. Overuse of fertilizers and pesticide in agriculture and their migration to the shallow groundwater formations;

6. Injection of brine and hydrocarbon by-products from oil production and refinery operations into deep zones,

ultimately returning to aquifers;
7. Leaking underground fuel storage tanks.

FIGURE 2. LAND-USE ACTIVITIES COMMONLY GENERATING A GROUNDWATER POLL UTION THREAT

SOURCE: GW-MATE, 2003

Groundwater pollution is especially prevalent in shallow aquifers beneath rivers, for example, in the Nile Delta,
southern Iraq, Jordan and the Damascus basin in Syria. The discharge of industrial and domestic wastewater and
irrigation return flow into rivers are the main sources of contamination of these aquifers, as a result of river-
groundwater hydraulic interconnection. The development of major irrigation schemes and industrial and
domestic wastewater facilities along the four major rivers - the Nile, Tigris, Euphrates and Jordan - has led to a
deterioration of water quality in the connecting shallow aquifers.

Fractured limestone aquifers in Lebanon and Syria are also especially prone to contamination and the use of
septic tanks in mountainous limestone areas is a major pollution source. Extensive agriculture in Saudi Arabia,
Oman, the United Arab Emirates and Republic of Yemen, and to a certain extent in the remaining countries, has
caused high nitrate and other fertilizer compound concentrations in the soil and shallow groundwater sources.
Fertilizer and pesticides leaching from irrigated fields are often found in shallow alluvial aquifers of the Arabian
Peninsula, while the discharge of untreated or semi-treated wastewater into dry wadis and its reuse in irrigation
is another common pollution source in all countries of the peninsula. An overview of exposure to contaminants
in the ESCWA region is shown in Table 4.



TABLE 4. REPORTED TYPE OF WATER SOURCE UTILIZATION, QUALITY AND EXPOSURE TO QUALITY DEGRADATION AND

POLLUTION CONTAMINANTS IN THE ESCWA REGION

Bahrain Groundwater (GW) Poor -fair Excessive exploitation — brackish water and saline
Desalinated sea water | N/A water
Egypt Surface water (SW) Good Municipal: overloaded sewerage disposal systems
Groundwater (GW)L | Fair Industrial: discharge of untreated effluents
Agriculture: pesticides
Iraq Surface water (SW) Poor-good Excessive construction in neighbouring countries
Groundwater (GW) Saline water intrusion
Municipal: overloaded sewerage systems
Industrial: discharge of treated effluents
Agricultural: water drainage and run-offs
Jordan Groundwater (GW) Variable Excessive exploitation — brackish water, saline water
intrusion.
Industrial: uncontrolled discharge of untreated
effluents
Agriculture: irrigation water drainage, pesticides and
toxic materials
Kuwait Groundwater (GW) Poor Excessive exploitation — brackish water, saline water
intrusion, transboundary underflow
Industrial: oil pools
Lebanon Groundwater (GW) Good Municipal: solid waste disposal, sewerage systems
Surface water (SW) Good Industrial: management of waste
Silent trade: transboundary movement, dumping of
hazardous industrial wastes
Oman Surface water (SW) Good Excessive exploitation — brackish water, saline water
Groundwater (GW) intrusion, transboundary underflow
Industrial: oil pools
Qatar Groundwater (GW) Fair Excessive exploitation — brackish water, saline water
Desalinated sea water | N/A intrusion
Saudi Arabia Groundwater (GW) Good Excessive exploitation: brackish water-, saline water
Surface water (SW) N/A intrusion
Desalinated sea water
Syrian Arab Surface water (SW) Fair-Good Industrial: disposal of industrial and other types of
Republic Groundwater (GW) N/A waste water
United Arab Surface water (SW) Fair Over-exploitation (alluvial aquifers), saline water
Emirates Groundwater (GW) N/A Industrial — oil spills and oil-sludge
Reclaimed water N/A
Yemen Groundwater (GW) Fair-good Over-exploitation (alluvial aquifers), saline water
Surface water (SW) Sewage disposal systems

Source: UNESCWA, 1995a, Assessment of Water Quality in the ESCWA Region. United Nations, New York,

(E/ESCWA/ENR/1995/14), chapter Il and 111.

Nitrogen, which is overused in the form of manure, sewage sludge and chemical fertilizer, is a major
groundwater pollutant in the ESCWA region. As an essential plant nutrient, it is an important fertilizer, but high
levels of nitrate in drinking water have a major health impact. Furthermore, too much nitrate in the soil leads to
the destruction of organic matter by oxidation, thus increasing the amount of nitrate leached by infiltrating rain
and decreasing the self-purification capacity of the soil and the unsaturated zone near the surface. Pesticides are
widely used in agriculture and industry. The use of synthetic organic pesticides has grown rapidly since the
1950s because, when used in conjunction with fertilizers, they increase crop yields. Pesticides are, however, a
risk to human health. Some soluble pesticides can move fast through the unsaturated zone, but their progress
may be delayed by adsorption and biological degradation processes. Rapid flow in fractured aquifers is a high
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risk (Refer to Annex B). Pollution is further compounded by failure to implement appropriate groundwater
monitoring and protection programs. This brief discussion gives only an indication of the type and extent of
pollution from different activitics. Groundwater contamination is taking place in all ESCWA countries, but
limited data make it very difficult to estimate the total extent of pollution. There are believed to be many other
cases of pollution in the ESCWA region, with varying environmental and health impacts. The documented cases
of groundwater pollution demonstrate that serious efforts are required to implement protection and rehabilitation
measures.
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C. HEALTH IMPACTS OF GROUNDWATER POLLUTION

Contaminated drinking water is the main cause of illness and death in the world. Ingestion of, or exposure to,
contaminated water causes a number of diseases. Others may be caused by exposure to naturally found harmful
chemicals or man-made pollutants in groundwater. There are short-term and long-term health risks associated
with contaminated water. These may be microbial (bacteria, viruses, parasites), chemical (metals, pesticides,
disinfectants by-products, etc.) or toxin-related (toxins produced by micro-organisms). Contaminants in
irrigation water can also affect agricultural products and cause health problems by entering the food chain.
Consequently, the absence of proper wastewater collection systems and the persistence of open channels or pools
of wastewater will serve as breeding grounds for many diseases (Refer to Annex B). Information on human
morbidity and mortality of water related diseases are not available in most of the countries of the ESCWA region
due to its sensitivity. Furthermore, available data and its documentation by most of the countries make it difficult
to trace the effect of poor environmental conditions on human health. These restrictions have now been lifted,
but it is still difficult to collect data because methods are not standardized (Jurdi, 2000).
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D. OTHER GROUNDWATER PROBLEMS — URBANIZATION PROCESS

In a growing city, as the demand for water and the need for safe disposal of wastewater increase, so the changing
combination of supply source, from local to peri-urban to hinterland, are matched by new urban sources of
recharge such as losses from the piped infrastructure, on-site sanitation and pluvial drainage (Figure 3).
Subsurface water levels, both within the city and outside, undergo major changes as the twin pressures of
competing demand for water and concern about the quality of the water shift the supply emphasis from city
center to peri-urban areas.

FIGURE 3. STAGES IN THE EVOLUTION OF A WATER

INFRASTRUCTURE IN A CITY OVERLYING A PRODUCTIVE AQUIFER

The radical changes in frequency and rate of
subsurface infiltration caused by urbanization
tend overall to increase the rate of ~#—% water-supply provision
groundwater recharge. If the underlying
aquifer system is not utilized, or the shallow
subsurface is not sufficiently permeable to
allow the extra water to flow away, then
groundwater levels will rise. Initially as the
water table rises towards the land surface,
tunnels and service ducts may suffer structural
damage or be flooded, followed later by
hydraulic and corrosion effects on building
foundations and tunnel linings. In extreme Stage
cases, where the water table reaches the land

——— mains sewerage installation

Crarerth of weater supply
and waste dispasal

surface, there may be a health hazard because g%
septic tanks malfunction and water polluted s
with pathogens may accumulate in surface &g
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On the other hand, where the city is underlain ~ Source: UNEP, 2003

by a productive shallow aquifer and

groundwater abstraction is significant, a declining water table will mask the presence of increased urban
infiltration rates and, indeed, in some unconsolidated aquifers the geotechnical problems associated with
pumping induced subsidence can result. However, as cities evolve, intra-urban abstraction often declines, either
as a direct result of groundwater quality deterioration or as a consequence of unrelated economic factors. In these
circumstances, the water table begins to recover and may eventually (over decades) rise to levels higher than it
was before urbanization as a result of the additional urban recharge. This can provide a widespread threat to a
well-established urban infrastructure constructed when foundations, piped and cabled services did not need to be
designed to cope with a water table near the surface. Thus the hydrogeological regime continues to exert a major
control over an urban infrastructure, even when the city has ceased to depend significantly on local
groundwater for its water supply.
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E. SUSTAINABLE GROUNDWATER RESOURCES MANAGEMENT- AN IWRM PERSPECTIVE3

E. 1. Groundwater Exploitation and Sustainability

Aquifers serve the important function in the hydrological cycle of storing and subsequently releasing water. The
water thus discharged from aquifer storage fulfills two major roles. First, it can benefit the environment by
naturally maintaining and sustaining river flow, springs and wetlands. Secondly, it can provide a valuable water
supply to meet the growing demand for water for drinking and domestic use, crop irrigation and industry.
Within the IWRM context, reconciliation of these different roles is a major task for water resources
managers concerned with sustainable use of water resources. In most of the countries in the ESCWA region,
where rainfall is scarce, groundwater is the main source of freshwater available, and as a consequence is often
heavily exploited.

The Conundrum of Safe Yield and Sustainable Use

Although groundwater development can have many advantages, such as providing access to safe potable water
and improved agricultural production, its use can also have undesirable side effects such as the drying-up of
shallow wells, increasing costs of pumping and deterioration of water quality due to salinization. Recognizing
these problems, the idea of a safe level of exploitation or Safe Yield has long been discussed. The Safe Yield of
an aquifer has been defined as the amount of water that can be withdrawn from the aquifer without
producing an undesired resullt.

’ This section and the following ones, unless indicated otherwise, are based mainly on documents: “Sustainable
Groundwater Management: Concepts and Tools, GW-MATE Briefing Notes”, 2003, World Bank; and “Groundwater and

its susceptibility to degradation: A global assessment of the problem and options for management”, 2003, UNEP,
UNEP/DEWA/RS.03-3.
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At first glance this appears to be reasonable, but what is meant by an ‘undesired result’ and from whose
perspective? All groundwater flow must be discharging somewhere, and abstraction will reduce these
discharges, and any significant abstraction will necessarily result in some environmental impact by reducing
spring discharge or stream flow. Clearly it is important to differentiate the “benefits of exploitation” from the
“negative side effects”. More recently the concept of sustainability has become current, and is defined as the
level of development of groundwater that meets the needs of the present generation without compromising the
ability of future generations to meet their needs. The general rationale it represents is clear but each situation
needs to be considered on its merits because issues of economics, equity, and the rights of different users are
involved in any specific assessment.

For example, the development of deeper groundwater for irrigation may make good economic sense (and be
sustainable) both for middle and high-income farmers (who can afford the cost of drilling deep wells) and for the
local economy in general. However, a negative side effect may be the lowering of a shallow water table, which
causes village drinking water supplies and shallow irrigation wells belonging to poorer farmers to dry up.
Whether this is overexploitation or not will depend on the viewpoint of the different interested parties (or
stakeholders). The exploiter, an affected third party, a licensing authority or regulator and an environmentalist
may all have different perceptions. Similarly, views on whether such development is equitable may depend on
compensation arrangements for those badly affected. However, although aquifer over-exploitation may be an
ambiguous, controversial and somewhat emotive term, it is likely to become more important, especially in the
semi-arid regions of the world, such as the ESCWA region, as competing demands grow on a limited resource.

The issue is further complicated because water is a dynamic resource. The different components of the water
balance vary naturally with time, as during a drought or in response to changing patterns of rainfall. These
dynamics also apply to human interventions. For example, increasing groundwater abstraction will cause
groundwater levels to decline, which in turn generally reduces other outputs or discharges from the groundwater
system, such as the through flow to the coast, discharge to streams, springs and oases. Human intervention may
also increase aquifer recharge, for example in a shallow aquifer by creating storage or in a deeper aquifer by
inducing downward leakage. into the aquifer. Unless abstraction persistently exceeds recharge a new equilibrium
will be reached, but the time taken will vary and depends principally on the dimensions of the groundwater
system and the aquifer parameters. It could be many years or even decades, and sustainability considerations
must take into account this long time-scale when calculating the response of an aquifer system. Thus declining
groundwater levels are not by themselves a signal of “over-exploitation”, but simply an indication that the
system is not in equilibrium. Hydrogeologically, there is no objective measure or definition of over-exploitation.
Although over-exploitation has usefully been defined as a failure to achieve maximum economic returns to the
resource, applying economic analyses to the study of aquifer management may not necessarily include a
consideration of the social impact. That a particular aquifer system is becoming or has become over-exploited
is an economic and moral judgment. The economic factors include considerations of the relative value of
different water uses, and the moral factors should take into account the issues of social equity and protection of
the environment.

An example of the difficulty in reconciling sustainability with over-exploitation is the use of the non-renewable
groundwater (palacowater) beneath central and southern Libya, which was recharged thousands of years ago
during a more humid climatic period. Seven million liters/minute of groundwater from over 1000 boreholes
tapping the aquifer systems beneath Jabal, Sarir, Tazerbo and Kufra is transported by large diameter pipes (the
‘Great Man-Made River’) to the Mediterranean coast 500 to 900 km away, principally for irrigation purposes.
The aquifer system receives effectively no present-day recharge and exploitation of this resource is clearly not
sustainable. However, given the very large volumes of groundwater stored (and therefore the long timescales
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during which exploitation can continue), the significant economic benefit that may accrue, and the limited
negative side effects, such groundwater mining may not be, at least by some definitions, over-exploitation.

E.2. Negative impacts of overexploitation
Despite the problem of defining ‘over-exploitation in a given aquifer setting, there are a number of well-known
consequences of groundwater development that may not be desirable. In practice, when speaking of aquifer
over-exploitation we are invariably much more concerned about the consequences of intensive groundwater
abstraction than in its absolute level. Thus the most appropriate definition is probably an economic one: that the
‘overall cost of the negative impacts of groundwater exploitation exceed the net benefits of groundwater
use’, but of course these impacts can be equally difficult to predict and to cost.

It is important to stress, in this context, that some of these consequences can arise well before the groundwater
abstraction rate exceeds long-term average recharge. Thus the way in which a given situation is interpreted will
vary with the type of aquifer system involved—that is with volume of exploitable storage and susceptibility to
irreversible side effects during short-term overdraft. Amongst the most critical of potential impacts from
intensive aquifer development (Figure 4) is groundwater salinization. This will be terminal for both potable
water supply and agricultural irrigation uses.

FIGURE 4. CONSEQUENCES OF EXCESSIVE GROUNDWATER ABSTRACTION.

" REVERSIBLE INTERFERENCE IRREVERSIBLE DEGRADATION

* pumping hits/costs increase
* borehole vield reduction

» springflow/baseflow reduction

1. Groundwater Level Decline and Decrease in Spring Discharge, River Baseflow and Wetland Area

Most aquifers show a water level decline as part of a natural cycle (Figure 5), even when not exploited, at least
in some areas for part of the time. This may be seasonal, during a normal dry season, or it may be longer term in
response to a prolonged drought. During these periods river and spring flows and discharge to wetlands are
provided by release of water from aquifer storage and, as a consequence, water levels in the aquifer decline.
Subsequent periods of recharge permit water levels to rise again as water is brought back into aquifer storage.

Likewise, when groundwater is exploited water levels will decline and continue to do so until they either
stabilize at a lower level or, if abstraction is persistently greater than recharge, the aquifer is dewatered.
Extended declines can result in the drying-up of shallow wells, increased pumping costs, reduced borehole yields
and efficiencies, the need to deepen or replace boreholes and, in coastal areas, saline intrusion (as will be
indicated below). Likewise, when groundwater is exploited water levels will decline and continue to do so until
they either stabilize at a lower level or, if abstraction is persistently greater than recharge, the aquifer is
dewatered. Extended declines can result in the drying-up of shallow wells, increased pumping costs, reduced
borehole yields and efficiencies, the need to deepen or replace boreholes and, in coastal areas, saline intrusion
(as will be indicated below).
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FIGURE 5. PATTERNS OF WATER LEVEL DECLINE

IN AN AQUIFER UNDER DIFFERENT RECHARGE

CONDITIONS,
x Borehole yields are dramatically reduced and wholesale
abandonment results. The resultant forced reduction in
abstraction needs to be severe, beyond the long term rate of
recharge, for water levels to recover, and this may take many
years or even decades to occur. Such impacts can have
severe socio-economic consequences. Declining
groundwater levels may also cause drastic reductions in river
flow and in wetland areas.

mean water level in aquifer

The consequences may be slow to develop, not apparent
until the problem is well entrenched and may not be
reversible (such as the loss of flora and fauna from a natural
habitat (Box 4).

0o 1 3 4 5 6 7 8
year

R=Q Net recharge = natural discharge and/or abstraction

R<Q Natural discharge and abstraction exceed net recharge
The extent to which water levels fall does not identify R=0 Abstraction in absence of recharge tarid zone situation)
whether an aquifer is over-exploited, the important factor is
whether the decline is acceptable or not acceptable in terms
of the impact on water users and uses. Thus even a water
level decline of a very few meters may be enough to threaten an important wetland habitat and be considered
unacceptable, yet elsewhere a similar drawdown may be viewed positively as improving drainage and reducing
water losses to stream flow and evaporation, and moreover the increase in abstraction for irrigation may permit

improved agricultural productivity.

SOURCE: UNEP, 2003

2. Changes in Flow Pattern Leading to Deterioration in Water Quality - Salinization

Changes in groundwater quality resulting directly, or indirectly, from groundwater abstraction can be classed as
over-exploitation if the changes have a negative effect upon the socio-economic value of the resource. Such
deterioration in quality can occur for a number of reasons including saline intrusion, geochemical evolution of
groundwater and induced pollution. The induction of flow of low quality water into the aquifer as a result of a
new hydraulic head distribution is perhaps the most common of these (Figure 6). Saline intrusion is an important
consideration for aquifers adjacent to the coast or other saline bodies, above or underneath the aquifer. The
mobility of such saline waters depends upon the hydraulic gradients (which are of course locally disturbed by
groundwater abstraction), the permeability of the aquifer and the presence or absence of hydraulic barriers. A
consideration of the time period involved in displacement of a saline front is important to an assessment of over-
exploitation. A displacement time of a few years would be a matter of concern, indicating a high probability of
‘overexploitation’, but hundreds or thousands of years could well be acceptable in the context of long-term
management strategies. Intrusion of water with dissimilar hydrochemistry can also alter the physical properties
of the aquifer. For example, changes in porosity and permeability can result from the processes of consolidating
sediments into rock through water—rock interaction. Such processes can irrevocably damage the fabric and
hydraulic properties of the aquifer. Changes induced in the groundwater hydrochemistry due to water—rock
interaction may also have detrimental health impacts where the aquifer is used for potable supply.

26




FIGURE 6. TYPICAL IMPACT OF EXCESSIVE ABSTRACTION ON COASTAL/LOWLAND AQUIFER SYSTEM.
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Source: UNEP, 2003.

3. Land Subsidence

Sedimentary formations are initially formed as soft sand, silt or mud. As the sediment builds up and subsequent
layers are deposited, the increasing weight of the overburden compresses the lower beds, but the system keeps in
equilibrium because the intergranular stress in the skeleton of the formation balances the weight of the
overburden. Pressure of the water within the pores between the individual sediment particles also helps to
support some of this weight. Groundwater pumping has the effect of decreasing the pore water pressure and thus
increasing the effective stress from the overlying strata on the matrix of the aquifer. When the increase in
effective stress is greater than a critical value, known as the pre-consolidation stress, the sediment compaction
becomes irrecoverable or inelastic. Sedimentary aquifer systems compact in different ways. In coarse-grained
sediments groundwater abstraction results in a rapid readjustment of pore pressure and, if abstraction is
excessive, in rapid compaction and subsidence. In fine-grained sediments the response is slower. Subsidence of
heavily pumped rural aquifers can affect irrigation and natural land drainage by the reversal of surface
topographical gradients but it is in urban areas where the impact can be most serious.

E.3. Impact of Groundwater Depletion on Society

When evaluating the impact of groundwater depletion on society, two key issues are usually considered. These
are the level of reliance on groundwater and the marginal cost, which is the cost of providing replacement
supplies from another source. i.e., if groundwater is not widely used then the loss of the resource is unlikely to
have a significant impact either on society or the economy, especially where alternative sources of water are
available at only a marginal increase in cost. However, in most of the countries in the ESCWA region,
groundwater is either the only source of water, because surface water resources are inadequate, or replacement
sources of water would be prohibitively costly (e.g., desalination, transfer of water between basins, buying
water, etc.). So there is a scarcity value to the groundwater resource. In addition, the marginal cost concept
ignores the intangible but nonetheless real benefits to society of the role of groundwater in maintaining habitat
and species diversity.

Furthermore, it ignores the fact that groundwater and surface water are often linked; the perennial flow of many
rivers is sustained by groundwater and a decline in groundwater level may reduce this base-flow. The reduction
in total flow volume is often secondary to the loss of timely availability of flow, be it for irrigation during the dry
season, for dilution of urban or industrial wastewater or for maintenance of riverine habitat. Groundwater used
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for irrigation is rarely costed on the basis of its scarcity value or the value of alternative or competing uses. In
some cases, it may contribute relatively little added value and, if the farmers paid the full economic value of the
water, free of direct and indirect subsidies, then irrigation would not be economically viable. It is generally
recognized that domestic water supply, especially to urban areas, has the highest economic and societal value
and this makes it a priority use. Yet the assignment of relative value is not straightforward, and each case needs
to be judged on its merits. For instance, many cities function perfectly well with per capita water use of 150 to
250 I/p/day, yet others in similar climatic and developmental circumstances are profligate, consuming 500 to 600
I/p/day or even more as a result of poor water management. On the margins of these same cities there may well
be horticultural farms producing vegetables and fruit with highly efficient drip irrigation techniques to control
nutrient and water application. Who is to say in such circumstances that public supply has the higher value and
must be given priority in water resource planning?

Although there are well-established economic methods of assigning value to water for human uses such as
domestic supply, irrigation or industrial uses (Module 5 Economic Dimensions of IWRM), it is particularly
problematic to assign ecological and amenity value. Indirect measures of the environmental value and benefit of
wetlands or a river flowing during the dry season can be measured in some attractive locations in terms of
tourism revenues. Because it is difficult to agree a way of assigning a value to amenity and habitat
conservation, historically these water uses have been under-prioritized for many catchments.
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F. GROUNDWATER RESOURCES MANAGEMENT- AN INTRODUCTORY TO ITS SCOPE AND PRACTICE4

F.1. Main Differences between Groundwater and Surface Water

Groundwater differs from surface water because of the contrasting physical and chemical environment in which
it occurs, although the water itself is essentially part of the same overall cycle. Surface water flows relatively
rapidly in small streams, which feed the main river draining the catchment area concerned. The catchment area
of each river basin is determined by land surface topography and generally does not change with time. On the
other hand groundwater moves through aquifers (permeable strata) from areas of recharge to areas of discharge
(determined by the geological structure), normally at slow rates ranging from 1 m/year to 100s m/day. Tens,
hundreds or even thousands of years may elapse between initial recharge and eventual discharge, to a spring,
stream or the sea. These slow flow rates and long residence times, consequent upon large aquifer storage
volumes, are amongst the numerous distinctive features of groundwater systems (Table 5).

The flow boundaries of groundwater (in space and depth) are generally more difficult to define and may vary
with time. The difference is further accentuated because groundwater forms the ‘invisible part’ of the
hydrological cycle, which can lead to misconceptions amongst stakeholders. Often water resource decision-
makers (like many water users) have little background in hydrogeology and thus limited understanding of the
processes induced by pumping groundwater from an aquifer. Both irrational underutilization of groundwater
resources (compared to surface water) and excessive complacency about the sustainability of intensive
groundwater use are thus still commonplace.

* World Bank GW-MATE (Groundwater Management Advisory Team), Briefing Note Series, Briefing Note 1,
www.worldbank.ogr/gwmate, visited August 2003.
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TABLE 5: COMPARATIVE FEATURES OF GROUNDWATER AND S URFACE WATER RESOURCES.

4 FEATURE GROUNDWATER RESOURCES SURFACE WATER RESOURCES
& AQUIFERS & RESERVOIRS

Hydrolagical Characteristics

o Srarage Volumes:

= Resource Areas

» Tlow Velocities

= Restdencs Thnes

* Drought Propensity R

= Ivaporation Losses

F.2. Key Challenge for Groundwater Resources Management

Groundwater resources management has to deal with balancing the exploitation of a complex resource (in terms
of quantity, quality and surface water interactions) with the increasing demands of water and land users (who can
pose a threat to resource availability and quality).

FIGURE 7. SUPPLY-DRIVEN GROUNDWATER

DEVELOPMENT — LEADING TO A VICIOUS CIRCLE.
Calls for groundwater management do not usually arise until a
decline in well yields and/or quality affects one of the
stakeholder groups. If further uncontrolled pumping is
allowed, a ‘vicious circle’ may develop (Figure 7) and damage
to the resource as a whole may result, with serious
groundwater level decline, and in some cases aquifer saline
intrusion (or even land subsidence).

To transform this ‘vicious circle’ into a ‘virtuous circle’
(Figure 8) it is essential to recognize that managing
groundwater is as much about managing people (water and
land users) as it is about managing water (aquifer resources).
Or, in other words, that the socio-economic dimension
(demand-side management) is as important as the
hydrogeological dimension (supply-side management) and
integration of both is always required.

FIGURE 8. INTEGRATED GROUNDWATER RESOURCES
MANAGEMENT — LEADING TO A VIRTUOUS CIRCLE.

31



Key issues for groundwater supply management are the
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On the groundwater demand management side it will be
essential to bear in mind that:

»  Social development goals greatly influence water
use, especially where agricultural irrigation and food production are concerned, thus management can
only be fully effective if cross-sector coordination occurs

»  Regulatory interventions (such as water rights or permits) and economic tools (such as abstraction tariffs)
become more effective if they are not only encoded in water law but implemented with a high level of user
participation

»  Regulatory provisions should not go beyond government capacity to enforce and user capacity to comply.

Other generic principles that emerge are that:
»  Both hydrogeologic and socio-economic conditions tend to be somewhat location-specific and thus no
simple blueprint for integrated groundwater management can be readily provided
*  The development of an effective and sustainable approach to management will always require involvement
of the main stakeholders
»  Implementing management measures will often require capacity building, both in water-resource
authorities and amongst water users.

F.3. How Should Integrated Groundwater Management be Practiced?

In most situations, groundwater management will need to keep in reasonable balance the costs and benefits of
management activities and interventions, and thus take account of the susceptibility to degradation of the
hydrogeological system involved and the legitimate interests of water users, including ecosystems and those
dependent on downstream baseflow. In practical terms it will be necessary to set possible management
interventions in the context of the normal evolution of groundwater development, and for this it is convenient to
distinguish a number of levels (Table 6). However, it must be noted that preventive management approaches
are likely to be more cost-effective than purely reactive ones.The condition of excessive and unsustainable
abstraction (3A—Unstable Development), which is occurring widely, is also included in Figure 9. For this case
the total abstraction rate (anc usually the number of production waterwells) will eventually fall markedly as a
result of near irreversible degradation of the aquifer system itself.

The concept of an increasing need for integrated groundwater management is illustrated in Table 6, which breaks
management down into a series of interrelated aspects and indicates levels of response appropriate for each level
of resource development. It should be noted that the approach to groundwater resource development and
management for minor aquifers (only capable of supplying rural domestic and livestock water supply) would not
be expected to pass level 1 in Table 6.The framework provided in Table 6 can be used as a diagnostic instrument
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TABLE 6. LEVELS OF GROUNDWATER MANAGEMENT TOOLS, INSTRUMENTS AND INTERVEN TIONS NECESSARY FOR
GIVEN STAGE OF RESOURCE DEVELOPMENT.
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[according to hydrautic stress stage/see Figure B)
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G. GROUNDWATER MANAGEMENT STRATEGIES- F ACTS TO THE INTEGRATED APPROACH °

G.1. Approaches Needed to Stabilize Heavily-Stressed Aquifers
The following fundamental sub-division of resource management options (Table 7) is useful, the demand-side

management interventions and the supply-side engineering measures.

TABLE 7. DEMAND-SIDE AND S UPPLY-SIDE ACTIONS FOR GROUNDWATER RESOURCES MANAGEMENT.

"g
LEVEL OF DEMAND-SIDE SUPPLY-SIDE ENGINEERING
ACTION MANAGEMENT INTERVENTIONS MEASURES
Irrigated ® real water-savings secured i part from: ‘ . »l:;)cal:wa'i:er hm : lg té‘dmiﬁu&s

Agriculture - lerw-pressure water distribiition pipes e appropriare recharge enhancement
- pramoting crop change e structy el}*ilg'tapuﬂ*gg.jtx;ﬂ
andfor reducing irrigated area o surtace runoff or sometimes with

S _ surface water transfer).
= AGNIOMIL ’ﬂ:'zﬂ(‘l’ Conservation e Sredeiin s e e

Main ® real water-savings sometimes secured from @ irban wastewater recyding and reuse :

Uban mains leakage and/or water use reduction {including controlled and/or incidental -
. i S aquifer recharge by both i s sanitation’

Centers - reducing luxury consimption agiiifer recharge by both #n st sanitation

(garden watering, car washing)

~ and mains sewerage) (Briefing Note 12)

Although groundwater management is conducted at local aquifer level, national food and energy policies can
exert an overriding influence on the behavior of groundwater abstractors, and thus on resource development
pressures and management strains. Among these, subsidies on rural electricity, well drilling, pumpsets, grain and
milk prices are probably the most significant. In general terms these subsidies should always be reviewed, and
consideration be given to re-targeting the revenue involved into water-saving technology and/or assisting only
the neediest members of the community.

It is always essential to address the issue of constraining demand for groundwater abstraction (Table 7), since
this will normally contribute more to achieving the groundwater balance, and in the more arid and densely-
populated areas, such as the ESCWA region, will always be required in the longer run. The concept of real
water savings is critical in this regard—these savings include only reductions in evaporation (that is
consumptive use) and in loss to saline water bodies, but not those reductions which would have generated
aquifer recharge. For example, in urban areas, real water savings can be made by reducing water-mains leakage
and wastewater seepage, but only where they generate discharge to brackish water bodies or create drainage
problems.

Complementary local supply-side measures (Table 7), such as rainwater harvesting, aquifer recharge
enhancement (with excess surface run-off or other sources of water such as desalination and wastewater), and
urban wastewater reuse should always be encouraged, especially where conditions are favorable. They are
often important in terms of building better relationships with groundwater users and can provide an initial focus
for their participation in aquifer management.

* World Bank GW-MATE (Groundwater Management Advisory Team), Briefing Note Series, Briefing Note 3,
www.worldbank.ogr/ewmate, visited August 2003.
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G.2. Reducing Groundwater Resource Used for Irrigated Agriculture

This subject is of paramount importance in the ESCWA region, given that agriculture is the predominant
consumer of groundwater resources, and where major savings can be achieved. The primary aim of agricultural
demand management for groundwater resource conservation should be to reduce:

(a) Evaporation from the irri gation water distribution (conveyance) system;

(b) Soil evaporation from between crop rows;

(¢) Evapotranspiration by the crop itself ineffective in producing yield;

(d) Direct phreatic evapotranspiration by unwanted vegetation; and

(e) Direct evaporation during spray irrigation.

There is generally considerable scope for these types of agricultural water savings by:

Engineering measures: such as irrigation water distribution through low-pressure pipes (instead of earth canals)
and irrigation water application by drip and micro-sprinkler technology

Management measures: to improve irrigation water scheduling and soil moisture management

Agronomic measures: such as deep ploughing, straw and plastic mulching, and the use of improved
strains/seeds and drought-resistant agents.

If larger water savings are needed, then consideration should also be given to changes in crop type and land use
(e.g. through higher-value crops under greenhouse cultivation or returning a proportion of the area to dryland
cultivation of drought-resistant crops). An even more radical option would be to place a ban on the cultivation of
certain types of irrigated crop in critical groundwater areas. The success of agricultural water-saving measures in
reducing the decline in aquifer water levels depends directly on these savings being translated into permanent
reductions in well abstraction rights and actual pumping. It is essential that water savings are not used to
expand the irrigated area or to increase water usage in other sectors. This will require a flexible system of
abstraction rights and clear incentives for users to act in the collective interest of resource conservation. At the
urban-rural interface resource reallocation to more productive commercial and industrial use can be best
promoted if the corresponding municipality finances improvements in agricultural irrigation (generating real
water savings) in return for abstraction rights over a proportion of groundwater saved. It should be noted,
however, that the position will be si gnificantly different where surface water is the primary source for irrigation
and/or where the groundwater table is very shallow, since in such cases drainage to mitigate soil water-logging
and salinization will be the major concern.

G.3. Supply Management of Groundwater Resources in the ESCWA Region - Artificial Recharge
Supply management can be implemented simultaneously with demand management to increase water supply
availability and augment water supplies by such means as desalination, reuse of treated wastewater, recycling,
weather modification, artificial recharge, water importation and the use of marginal quality water. Those supply
management measures with the greatest potential to increase water resource availability in the ESCWA region
are desalination, reuse of treated water, and artificial recharge. Artificial recharge is discussed below.

1. Increasing the Natural Storage Capacity of Aquifers

In many ways the vast storage of groundwater systems—whose magnitude varies significantly with geological
build - is their most valuable asset. This storage capacity includes not only groundwater already stored in
aquifer systems but also the potential of their void space (and elastic storage) to receive enhanced recharge (in
part resulting from dewatering by pumping). Aquifer storage augmentation can be made through the use of
surface spreading basins, injection wells, or the artificial modification of natural channels by means of dams and
dikes (Table 8).
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TABLE 8. SUMMARY OF TYPES OF AQUIFER RECHARGE ENHANCEMENT STRUCTURES.

TYPE GENERAL FEATURES PREFERRED APPLICATION

Water dug shafts/tanks to which local storm ranoffis led - in villages of relatively lovedensity
Harvesting  under gravity for infilitation papulation with permeable subsoil o
field soil/water conservation through terracing, - widely applicable but especially on -

contour ploughing/aforrestation sloping land in upper parts of catchments

In-Channel  check/rubber dams to detain runoff with first in gulleys with uncertain runoff
Structures  retaining sediment and generating clearwater llf‘i:‘é"(jllﬁ?f v and high '
recharge dam with reservoir used for bed uppe
infiltration and generating clearwater
riverbed baffling 1o deflect flow and incréase
infiltration

alluviam

vs with thin
impermenble bedrock

subsurface cut-off by impermeable membrane
and/or puddle clay in wench 1o impound underflow

Off- artificial basins/canals into which storm runoff Sowh er

superticial alluvial deposits of low
Channel diverted to with pre-basin for sediment removal perheabiliey 0 .
Techniques 5,4 spreading by flooding of riparian land an permeable alluvium, with flood relief
sometimes cultivated with flood-tolerant Crops benefitsalso :
Injection recharge boreholes into permeable aquifer starage/recovery of surplus water from
Wells horizons used alternately for injection/pumping potable treatment plants o

It is important that groundwater resources are properly considered in national Strategic planning. Addressing
the policy question ‘what services are most required from groundwater’ is necessary to provide targets for local
management action, but it is one, which is frequently ignored. On the one hand, important components of the
value of groundwater (such as pumping costs, individual accessibility, sustaining freshwater wetlands and dry
weather streamflow) depend on the depth to water table and not on the volume in storage. On the other hand, in
many situations groundwater storage is the only source of freshwater in extended drought, and ways need to be
found to exploit this resource while mitigating the impacts on aquifer water level related services. The more
widespread, and socially sustainable, use of groundwater storage to combat water-demand variability resulting
from persistent drought and climatic change (on a scale of months to decades and beyond) is urgently needed.

Water resource management strategy in which groundwater and surface water are used in tandem, making use of
the comparative advantages of both is termed conjunctive use. Examples include

* Use of surface water for inefficient flood irrigation to enhance aquifer recharge in the wet season,

" Use of groundwater in dry periods for irrigation to replace the normal surface water supply.
Currently, conjunctive use (where practiced) tends to have arisen more by accident than design.

2. Artificial Recharge in the ESCWA Region

Aquifer recharge enhancement and manipulation of subsurface storage will allow increased long-term average
rates of groundwater abstraction benefiting all users. Seasonal storage may be practiced to take advantage of the
availability of excess water during the wet season. Recovery of stored water can contribute to deferring
expansion of water facilities or to their downsizing. Such practices may be beneficial for the storage of
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floodwater occurring over a short period in many parts of the ESCWA region. Long-term storage can be utilized
in situations where desalination production is in excess of water demand. Emergency storage is of significance in
building up strategic reserves of groundwater to meet demand when primary water sources are unavailable as a
result of contamination, warfare or natural disasters.

Other advantages of artificial recharge schemes include restoration of groundwater levels, and water quality
improvement (Pyne, 1995). Increasing the rate of recharge, possibly eliminating the effects of over-pumping,
can reduce the rate of groundwater mining. Increasing pumpage from confined aquifers located near the
surface usually results in land subsidence. A remedial solution may be to increase the magnitude of recharge in
order to maintain pressure. Furthermore, artificial recharge is considered one of the more effective means of
combating saltwater intrusion along coastal zones. In many of the GCC countries pumpage exceeds natural
recharge, and withdrawal from alluvial and limestone aquifers is accelerating the advancement of the saltwater
front. Before it drains into the coastal zone on both the eastern and western sides of the Arabian Peninsula, flood
water, and reclaimed wastewater can be used to build up a groundwater barrier. The same methods can be used
to control the movement of contaminant plumes.

The other important aspect of artificial recharge is the storage of reclaimed wastewater. High-quality
treated water may be stored seasonally, to be recovered later for irrigation and industrial uses. Large volumes of
treated wastewater are allowed to flow into the sea in a number of ESCWA member countries. Treated
wastewater being disposed of along coastal zones or in wadi channels in most of the countries could be used to
recharge the alluvial aquifers. However, the quality of treated effluent must be taken into consideration in order
to avoid groundwater pollution and the consequent diminution of water supply availability. Treated effluent must
meet certain water quality standards. Treated effluent used for recharge may entail further treatment following
conventional secondary treatment in order to comply with health regulations concerning stable organisms, heavy
metals and the presence of pathogenic organisms.

Sandy soil and alluvial material, characteristic of large areas of the ESCWA region and particularly of the
Arabian Peninsula, provide favorable conditions for the storage of excess treated wastewater and the
enhancement of its quality. The technique known as soil-aquifer treatment (SAT) can improve the quality of
treated wastewater (Bouwer, 1985). This method involves recharging shallow aquifers through infiltration basins
at the ground surface and takes advantage of the ability of the underlying unsaturated soil profile to accomplish
in situ biodegradation and filtration of wastewater. The use of the SAT scheme with secondary effluent in arid
regions of Arizona, in the United States, resulted in groundwater quality that met chemical and aesthetic
requirements for unrestricted irrigation (Bouwer, 1985). Implementation of the SAT scheme in wadi channels
and flood plains can increase the magnitude of recharge and improve the chemical and biological characteristics
of the wastewater. SAT schemes are site-specific, however, and must be experimented with to determine the
influencing factors of infiltration, percolation, and chemical and biological processes. Currently, this technique is
being experimented in Kuwait (KISR) and Saudi Arabia (KFUPM).

Managing natural groundwater recharge and enhancing the magnitude by artificial means represents an excellent
option for increasing water supply availability for all countries of the ESCWA region. Increasing the volume of
groundwater recharge from surface runoff stored behind dams can provide additional water in time of need,
especially for Oman, Saudi Arabia, the United Arab Emirates and Yemen. Large volumes of surface runoff lost
to the sea from coastal drainage basins and evaporation from inland drainage basins can be utilized for artificial
recharge purposes. The ratio of estimated flood volume to runoff being utilized ranges from a low of 0.25 to 1.35
mem in Qatar to a high of 900 to 2,230 mem in Saudi Arabia. Distribution ratios are estimated at 900 to 2,230
mem in Saudi Arabia, 475 to 2,000 mem in Yemen, 275 to 918 mem in Oman, 75 to 125 mcm in the United
Arab Emirates, and 0.25 to 1,055 mem in Qatar (refer to Annex D).
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H. GROUNDWATER QUALITY PROTECTION — DEFINING STRATEGIES AND SETTING PRIORITIES®

H. 1. Protection of Groundwater Supplies

Groundwater is a vital natural resource for the reliable and economic provision of potable water supply in both
the urban and rural environment. It thus plays a fundamental (but often little appreciated) role in human well-
being, as well as that of some aquatic and terrestrial ecosystems. For municipal water supply, high and stable
raw-water quality is a prerequisite, and one best met by protected groundwater sources. Recourse to treatment
processes (beyond precautionary disinfections) in the achievement of this end should be a last resort, because of
their technical complexity and financial cost, and the operational burden they impose. However, all too widely in
the past groundwater resources have, in effect, been ‘abandoned to chance’. And all too often those exploiting
such resources for the provision of potable water supply have taken no action to protect water quality.

In the ESCWA region aquifers are experiencing an increasing threat of pollution from urbanization, industrial
development, agricultural activities and mining enterprises. Thus proactive campaigns and practical actions to
protect the natural quality of groundwater are widely required, and can be justified on both broad environmental-
sustainability and narrower economic-benefit criteria. If groundwater becomes polluted, it is difficult and usually
very costly to rehabilitate; clean-up measures nearly always have a high economic cost and are often technically
problematic. Low microbial activity, low recharges and slow flow rates, which reduce mixing, mean that self-
purification of groundwater is very limited. Degradation processes, which take days or week in surface water,
are likely to take decades in groundwater systems. It is therefore advisable to prevent or reduce the risk of
groundwater contamination rather than have to deal with the consequences of pollution. Groundwater protection
should therefore be the top priority.

H.2. Groundwater Pollution Mechanisms

The pollution of aquifers occurs if the subsurface contaminant load generated by man-made discharges and
leachates (from urban, industrial, agricultural and mining activities) is inadequately controlled, and (in certain
components) exceeds the natural attenuation capacity of the underlying soils and strata. Natural subsoil profiles
actively attenuate many water pollutants and have long been considered potentially effective for the safe disposal
of human excreta and domestic wastewater. The auto-elimination of contaminants during subsurface transport in
the vadose (or unsaturated) zone is the result of biochemical degradation and chemical reaction, but contaminant
retardation (due to sorption on the surfaces of clay minerals and/or organic matter) is also of importance, since it
greatly increases the time available for processes resulting in contaminant elimination.

However, not all subsoil profiles and underlying strata are equally effective in contaminant attenuation,
particularly those of karstic nature. Concern about groundwater pollution relates primarily to the so-called
phreatic (unconfined) aquifers, especially where their vadose zone is thin and their water-table shallow, but may
also arise even where aquifers are semi-confined, if the confining aquitards are relatively thin and permeable. It
is important to recognize that activity capable of causing significant groundwater pollution hazard depart widely
from the activities and compounds most commonly polluting surface water bodies. This is the result of the very
different factors controlling the mobility and persistence of contaminants in the subsurface, due to the presence
of the aquifer matrix and the much slower rates of biodegradation (consequent upon the low levels of organic
carbon, the much reduced populations of bacteria and the constraints on diffusion of oxygen). It is also important
to stress that certain industrial and agricultural practices (and specific incremental processes within such
practices) often present disproportionately large threats to groundwater quality. Thus sharply focused and well-
tuned pollution control measures can produce major benefits for relatively modest cost.

¢ World Bank GW-MATE (Groundwater Management Advisory Team), Briefing Note Series, Briefing Note 38,
www.worldbank.ogr/gwmate, visited August 2003.
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H.3. Assessment of Groundwater Pollution Hazard - Vulnerability Assessment

Regional groundwater quality protection is a growing area of research at the interface between hydrogeology and
water resources policy and is typically described with the term “groundwater vulnerability”. The goal of
vulnerability assessment is to provide policy makers with groundwater regions most susceptible to
contamination so that land Mmanagement practices can be optimized to protect the groundwater resource, as major
contaminates of concern have been significantly correlated to certain land uses and practices. In other words, in
order to protect groundwater, we must map vulnerable aquifers, then implement and enforce policies restricting
harmful land use practices at the country level and the municipal level. Groundwater pollution hazard
assessments are needed for clearer appreciation of the actions needed to protect groundwater quality, and should

Adopting such a scheme, we can have high vulnerability but no pollution hazard, because of the absence of a
significant subsurface contaminant load. Moreover, contaminant load can be controlled or modified, but aquifer
vulnerability is essentially fixed by the natural hydrogeological setting.

Aquifer pollution vulnerability is, in effect, the inverse of ‘the pollutant assimilation capacity of a receiving
water body’ in the jargon of river quality management. It can be assessed from the hydrogeological
characteristics of the overlying vadose zone or confining beds. Indexation of these characteristics (Figure 10)
permits the generation of an overall vulnerability index, which can be readily mapped. On such maps the results
of surveys of potential subsurface contaminant load can be superimposed to facilitate the assessment of
groundwater pollution hazard.

TABLE 9. DEFINITIONS OF C OMMON TERMS RELATING TO GROUNDWATER POLLUTION.
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Numerous methods of assessing groundwater vulnerability have been developed over the past 20 years. All of
them base assessment on selected parameters describing climatic, soil and hydrogeological properties known to
affect the leaching of contaminants. These methods follow a procedure of combining maps from which
parameters included in the groundwater vulnerability assessment can be deducted (soil, geology, groundwater
table, rainfall etc.) to create zones of equal properties. In a second phase, scores or qualitative ratings are
assigned to relevant attributes affecting vulnerability (Figure 10). Some much-used methods are DRASTIC
(Aller et al., 1985), the common approach of the German Geological Surveys (Holting et al., 1995), or EPIK
(Doerflieger, 1996), which was developed in Switzerland especially for groundwater vulnerability assessment in
carbonate (karst) regions.
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FIGURE 10. GENERATION OF AN AQUIFER POLLUTION
VULNERABILITY MAP USING THE GOD METHODOLOGY
BASED ON HYDROGEOLOGICAL CHARACTERISTICS OF THE
OVERLYING VADOSE ZONE OR CONFINING BEDS.
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H.4. Wellhead Protection Area (WHPA)
Whether this hazard will result in a threat to a public-supply source depends primarily on its location with
respect to the groundwater sources (and their flow-zones and capture areas), and secondarily on the mobility of
the contaminant(s) concerned within the local groundwater flow regime. A number of areas and zones should
normally be defined (Figure 11), using hydrogeological data on the local groundwater flow regime. Various
analytical and numerical models (section 8) are available to facilitate their delineation.

FIGURE 11. IDEALIZED SCHEME OF SURFACE SANITARY ZONES AND GROUNDWATER FLOW PERIMETER FOR THE
PROTECTION OF A WATER WELL IN AN UNCONFINED AQUIFER.
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The scales at which the survey, mapping and analyses of the various components needed to assess groundwater
pollution hazard are undertaken will vary with the main focus of the work, water-supply protection or aquifer
resource protection. Groundwater pollution hazard assessments should prompt municipal authorities or
environmental regulators to take both preventive actions (to avoid future pollution) and corrective actions (to
control the pollution threat posed by existing and past activities).

H.5. What Does Groundwater Pollution Protection Involve?
To protect aquifers against pollution it is essential to constrain land-use, effluent discharge and waste
disposal practices. However, in practice it is necessary to define groundwater protection strategies that accept
trade-offs between competing interests. Thus instead of applying universal controls over land use and effluent
discharge, it is more cost-effective (and less prejudicial to economic development) to utilize the natural
contaminant attenuation capacity of the strata overlying the aquifer, when defining the level of control required
to protect groundwater quality.

Simple and robust zones (based on aquifer pollution vulnerability and source protection perimeters) need to be
established, with matrices that indicate what activities are possible where at an acceptable risk to groundwater.
Groundwater protection zoning also has a key role in setting priorities for groundwater quality monitoring,
environmental audit of industrial premises, pollution control within the agricultural advisory system, determining
priorities for the clean-up of historically-contaminated land, and in public education generally. All of these
activities are essential components of a sustainable strategy for groundwater quality protection.

A sensible balance needs to be struck between the protection of groundwater resources (aquifers as a whole) and
specific sources (boreholes, wells and springs). While both approaches to groundwater pollution control are
complementary, the emphasis placed on one or other (in a given area) will depend on the resource development
situation and on the prevailing hydrogeological conditions.

If potable use comprises only a minor part of the available groundwater resource, then it may not be cost-
effective to protect all parts of an aquifer equally. Source-oriented strategies will then be appropriate, working at
scales in the range 1:25,000—100,000 and:

* Delineating groundwater source protection (capture) areas and flow-time perimeters (Tocal scale)

* Assessing aquifer pollution vulnerability and subsurface contaminant load in the areas so defined (regional

scale).

This approach is best suited to relatively uniform, unconsolidated, aquifers exploited only by a small number of
high-yielding municipal water-supply boreholes with stable pumping regimes. It cannot be so readily applied
where there are a very large and rapidly growing number of individual abstractions, which render consideration
of individual sources and establishment of fixed areas impracticable.

Aquifer-oriented strategies are more universally applicable, since they endeavor to achieve a degree of
protection for the entire groundwater resource and for all groundwater users. They involve aquifer pollution
vulnerability mapping over more extensive areas (including one or more important aquifers) working at a scale
of 1:100,000, or greater if the interest is limited to general information and planning purposes. Such mapping
would normally be followed by an inventory of subsurface contaminant load at more detailed scale, at least in
the more vulnerablc areas.
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L UTILIZATION OF NON-RENEWABLE GROUNDWATER - A SOCIALLY SUSTAINABLE APPROACH
TO RESOURCES MANAGEMENT

I 1. Non-Renewable Groundwater Resources
Groundwater resources are never strictly non-renewable. But in certain cases the period needed for
replenishment (100s to 1000s of years) is very long in relation to the normal time-frame of human activity in
general and water resources planning in particular (Figure 12). For this reason it is valid in such cases to talk of
the utilization of non-renewable groundwater or the ‘mining of aquifer reserves’.

FIGURE 12. TYPICAL GROUNDWATER CYCLE IN MORE ARID REGIONS WHERE UNDERLAIN BY MAJOR AQUIFERS.

very low cortemporary recharge rates pecasienal recharge via phreatophyhc
fream exceptional rainfall events in flash fioeds wegetation

grounchwater flow
with acuifer
residence time
{years)

The focus here is on management of aquifers with non-renewable groundwater such as:
» Unconfined aquifers in areas where contemporary recharge is very infrequent and also of small volume, and
the resource is essentially limited to aquifer storage reserves.
= The ‘confined sections’ of very large aquifer systems, where groundwater development intercepts or induces
little active recharge, and the potentiometric surface falls continuously with abstraction.

Both involve the abstraction of so-called ‘fossil (or paleo) groundwater’, which originated as recharge in past,
more humid, climatic regimes. The volumes of such groundwater stored in some aquifers are huge (e.g. an
estimated 150,000 km® in the Nubian Sandstone and 15,000 km® in the Arabian Rub-al-Khali basin). The use of
the term ‘sustainability’ in this context requires clarification. It is interpreted here in a social (rather than a
physical) context, implying that full consideration must be given, not only to the immediate benefits, but also to
the ‘negative impacts’ of development and to the ‘what comes after’ question—and thus to time horizons of
100-1000 years.

12 How Does the Exploitation of Non-Renewable Groundwater Arise?
There are two very different situations under which the utilization of non-renewable groundwater occurs:
= Planned schemes in which the mining of aquifer reserves is contemplated from the outset, usually for a
specific development project in an arid area with little contemporary groundwater recharge (e.g., the Libyan
Sarir Basin).

7 World Bank GW-MATE (Groundwater Management Advisory Team), Briefing Note Series, Briefing Note 11,
www.worldbank.ogr/gwmate, visited August 2003.
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* On an unplanned basis with incidental depletion of aquifer reserves, as a result of intensive groundwater
abstraction in areas with some contemporary recharge but where this proves insufficient or where there is
limited hydraulic conti nuity between deep aquifers and their recharge area (e.g., Saq aquifer, the shared Disi
aquifer and the Paleogene aquifer in the Arabian Peninsula). '

In the ‘planned depletion scenario’ the management goal is the orderly utilization of aquifer reserves (of a
system with little pre-existing development), with expected benefits and predicted impacts over a specified time-

aquifer is seriously depleted. This scenario must include balanced socioeconomic choices on the use of aquifer
storage reserves and on the transition to a subsequent less water-dependent economy. A key consideration in

defining the ‘exit strategy’ will be identification of the replacement water resource, such as desalination of
brackish groundwater.

In the unplanned situation a ‘rationalization scenario’ is needed in which the management goal is:
* Hydraulic stabilization (or exceptionally recovery) of the aquifer, or
* More orderly utilization of aquifer reserves, minimizing quality deterioration, maximizing groundwater
productivity and promoting social transition to a less water-dependent economy.

In both cases the groundwater abstraction rate will have to be reduced, and thus the introduction of demand
management measures (including realistic groundwater charges and incentives for real water-saving) will be

FIGURE 13. TARGETS FOR GROUNDWATER RESOURCES MANA GEMENT IN ‘RATIONALIZATION SCENARIOS’ FOLLOWING
INDISCRIMINATE AND EXCESSIVE EXPLOITATION.
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1.3. Key Management Needs in Respect of Non-Renewable Groundwater System Characterization
If the utilization of non-renewable groundwater is to be managed effectively, special emphasis must be put on
aquifer system characterization to facilitate adequate predictions of:
» Groundwater availability, and the distribution of wells to abstract it over a given time horizon.
* The impact of such abstraction on the aquifer system itself, on third parties (especially traditional users) and
on any related aquatic and terrestrial ecosystems.
* Anticipated groundwater quality changes during the life of intensive aquifer development.

Such characterization requires special hydrogeological investigation to evaluate certain key factors (Table 10). In
contrast to the characterization of renewable groundwater resources a critical component will be assessment of
the storage of those parts of the aquifer that will be (or are being) drained by groundwater pumping, together
with the susceptibility of the aquifer system to saline intrusion. The application of environmental isotope
analyses is particularly valuable for interpretation of the origin of both fresh and saline groundwater in aquifer
storage and the quantification of any contemporary recharge.

System characterization will inevitably be subject to considerable initial uncertainty and it is thus recommended
that ‘worst-case parameter values’ be used in the aquifer simulation modeling used as a basis for planning. The
level of confidence in hydrogeological prognosis will increase greatly with the availability of some years of
monitoring data on aquifer response to large-volume abstraction. Thus a carefully-designed and systematically-
operated monitoring program is essential.

TABLE 10. CHECKLIST OF SPECIAL FACTORS AND PROVISIONS REQUIRED FOR THE SOCIALLY-SUSTAINABLE
MANAGEMENT OF NON-RENEWABLE GROUNDWATER RESOURCES.

" SPECIAL FACTORS & PROVISIONS IMPORTANCE IN GIVEN SCENARIO h
‘planned depletion’ ‘rationalization’ *

In the ‘planned depletion scenario’ the impacts of the proposed exploitation of aquifer reserves on all traditional
groundwater users need to be assessed, and some form of compensation provided for predicted or actual
derogation. The fundamental concept should be to ensure that there are sufficient reserves of extractable
groundwater of acceptable quality left in the aquifer system at the end of the proposed period of intensive
exploitation to sustain the pre-existing activity (albeit at additional cost). Another way of achieving this end
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would be to restrict the ‘design drawdown’ of intensive exploitation to less than a given average figure over a
stated period (for example, 20 m after 20 years).

It is equally important (Table 10) to identify all aquatic and/or terrestrial ecosystems that may be dependent on,
or actively using, the aquifer concerned and to make predictions of the likely level of interference that will occur
as a result of the proposed development. A degree of doubt over impact assessment is likely to arise for two
reasons: ~
* hydrogeological uncertainty in the prediction of groundwater drawdown, especially at large distances from
the proposed abstraction
* Difficulties in estimating how the given ecosystem will react to a certain level of drawdown.

It has to be recognized that some aquatic ecosystems may only be capable of being sustained (even in a reduced
form) through the provision of compensation flows, sometimes accomplished by local irrigation and/or aquifer
recharge. This consideration will need to be realistically factored in to the evaluation of the acceptability of the
proposed groundwater development.

L4. Socio-Economic Considerations for the Management of Non-Renewable Groundwater

A comprehensive socio-economic assessment of options for mining aquifer reserves and their impacts will also
be a pre-requisite (Table 10) including consideration of:
* The potential alternative uses (present and future) of aquifer reserves
* The value of the proposed use(s) in relation to the in-situ value of groundwater
* Considering the ‘what happens after’ (aquifer reserves are depleted) question, and thus broadly identifying
and costing (at outline level) the probable ‘exit strategy’.

It is vital that the groundwater is used with maximum hydraulic efficiency and economic productivity, and this
implies full re-use of urban, industrial and mining water supplies and carefully-controlled agricultural irrigation.
An acceptable system of measuring or estimating the volumetric abstraction will be required as the cornerstone
for both realistic charging and enforcing regulations to discourage inefficient and unproductive uses.

Public awareness campaigns on the nature, uniqueness and value of non-renewable groundwater will be essential
to create social conditions conducive to aquifer management, including wherever possible full user participation.
In this context all groundwater data (reliably and independently synthesized) should be made regularly available
to stakeholders and local communities.

Non-renewable groundwater in aquifer storage must be treated as a public-property (or alternatively common-
property) resource. It is also important to agree the level in government to which the decision on mining of

rest with the corresponding minister, but in others it would be better taken by the president’s, prime minister’s or
provincial governor’s office (according to the territorial scale of the aquifer) with advice from a multi-sectoral
committee. ‘High-level political ownership’ of the ‘rationalization plan for aquifers’, whose reserves have been
subject to mining on an unplanned basis, is also highly desirable.

LS. Institutional Arrangements Required to Achieve Socially Sustainable
Utilization of Non-Renewable Groundwater
The preferred institutional arrangement is for all groundwater management functions to be handled by a single
government agency, with representation at a territorial scale appropriate to the aquifer concerned. If this is not
possible then all ministries and agencies with a stake in groundwater development and environmental
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management should be involved, through a coordinating committee. In both instances the water resources
administration should have authority to:
= Declare the aquifer that is, or will be, subject to mining of non-renewable resources as a ‘special area’
subject to specific demand management programs.
» Establish, under the appropriate government minister (at national or provincial level), a special unit to
coordinate the resource management of the aquifer concerned.

The full participation of groundwater users will be key to successful implementation of management measures.
This will be best approached by establishment of an aquifer management organization (AMOR), which should
include representatives of all the main sectoral and geographically-based user groups, together with those of
government agencies, local authorities and other stakeholders.

National groundwater legislation will not generally provide a sufficient basis alone for addressing the
management of non-renewable resources. Specific provisions for a given aquifer’s storage reserves will have to
be made through regulations, which, in turn, need to be supported by administrative and technical guidelines. It
is also important not to treat groundwater law in isolation from legislation in other sectors (such as land-use
planning, public works construction, agricultural development, environmental protection, etc.), which can impact
directly on groundwater resources.

A high priority will be to put in place a system of groundwater abstraction rights (sometimes known as permits,
licenses or concessions). These must be consistent with the hydrogeological reality of continuously declining
groundwater levels, potentially decreasing well yields and possibly deteriorating groundwater quality. Thus the
permits (for specified rates of abstraction at given locations) will need to be time-limited in the long term, but
also subject to initial review and modification after 5-10 years, by which time more will be known about the
aquifer response to abstraction through operational monitoring. It is possible that use rules set by appropriately
empowered communal AMORs could take the place of more legally formalized abstraction permits.

The value of detailed monitoring of groundwater abstraction and use, and the aquifer response (groundwater
levels and quality) to such abstraction, cannot be overemphasized. The water resource administration,
stakeholder associations and individual users should carry this out. The existence of time-limited permits subject
to initial review will normally stimulate permit holders to provide regular data on wells. It will be incumbent
upon the water resources administration to make appropriate institutional arrangements—through some form of
aquifer database (databank or data center) —for the archiving, processing, interpretation and dissemination of
this information.

Many major aquifers containing large reserves of non-renewable groundwater are transboundary, either in a
national sense or between autonomous provinces or states within a single nation. In such circumstances there
will much to be mutually gained through:

= Operation of joint or coordinated groundwater monitoring programs

= Establishment of a common groundwater database or mechanism for information sharing

» Adoption of coordinated policies for groundwater resource planning, utilization and management, and of

procedures for conflict resolution
» Harmonization of relevant groundwater legislation and regulations.
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J. MONITORING CONSIDERATIONS — A PRE-REQUISITE FOR MANAGEMENT

Monitoring of water quality, water levels, and water extraction in an aquifer is the foundation on which
groundwater resource management is based. It provides the information that permits rational management
decisions on all kinds of water resource and sustainability issues:
= Understanding the flow system and the baseline water quality before development changes both;
» Identifying actual and emerging problems of local overdraft (quantity) or water pollution (quality);
» Providing independent information on the rate of use of the resource, especially where the regulatory
system is deficient;
» Evaluating the effectiveness of management actions, including remedial measures to halt or reverse
adverse trends in water quality or quantity.

Nevertheless, despite the obvious benefits of monitoring programs to government and other institutions
responsible for managing water resources, it is common, almost the norm, to find that monitoring programs are
the first functions to be cut back when resources are scarce. At the other end of the spectrum, there are also cases
where programs originally devised for preliminary survey purposes have been continued blindly long past the
aquifer resource assessment stage and into the development phase without any revision to reflect emerging
conditions and new groundwater priorities. The resultant hard-won data are then unsuitable, or poorly suited, for
regulatory or planning use, are not used and progressively become discredited as irrelevant to the management
process.

These experiences demonstrate that there are only two really vital monitoring axioms:
*  Any program needs to be judged in terms of the information it will generate. The data must be truly useful
and be tailored to management requirements;
» Regular reassessment of aims is the best protection for monitoring programs, which are often regarded as
an optional luxury that is costly, resource-consuming, and potentially sensitive in the political arena.

Thus for instance the measurement of water levels is a simple but vital function that can generate enormously
useful information on resource trends. Management is not however well served if the network design does not
respond to aquifer exploitation tendencies, by measuring water level trend in major well fields for instance, or by
not continuing with regional gradient observation wells that have become compromised by new nearby major
pumping wells.

Similarly, once the baseline quality of an aquifer is established, there is no particular merit in continued frequent
groundwater sampling for analysis of major ions, which typically change only very slowly with time. Rather the
evolving pattern of activities at the land surface, on the aquifer outcrop and on the catchments to sensitive
abstractions should be regularly assessed and indicators chosen to provide early warning of potential problems. It
is a poor justification of laboratory resources to continue with an analytical suite just because particular
parameters are easy to sample and the laboratory is already set up to determine them routinely. A significant
advantage of such regular reassessment of monitoring objectives is not only that it helps ensure that programs
provide the kind of up-to date and focused information that those managing water resources need, but also can
keep the costs of surveillance down to acceptable levels. A responsive monitoring strategy does not need to be a
major drain on hard-pressed national budgets and can provide information for management out of all proportion
to the costs of collection and interpretation. Sometimes the organization of monitoring and how it can be
conducted when available resources are very slim needs to be re-evaluated pragmatically in order to at least
continue providing a basic level of surveillance.

Finally, the need for an integrated approach to monitoring design and resource management becomes even more
important when dealing with transboundary aquifers, where the already complex interplay of geology, climate
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and human activities that defines a groundwater catchment is further complicated by political and legal
differences of two or more nei ghboring countries

As the UN/ECE Task Force on Monitoring and Assessment points out:

* Monitoring of groundwater and surface water, of water quality and of quantity are often performed by
different authorities, so the resultant information needs to be assessed in combination;

* The effects of groundwater and surface water interaction can be sensitive, especially when recharge is
through seepage of (possibly highly polluted) surface waters, or in the case of vulnerable near-border
ecosystems;

* There will be a rather wider variety of potential uses and users of the monitoring data than would be found
with an aquifer wholly contained within one country, and this places an even greater than usual premium
on the provision of unambiguous well-documented data. For example, the use of mutually agreed
indicators of water level and water quality will not only help keep the range of parameters within
manageable limits but also will foster convergence, at the technical level, at least in identifying and
assessing a particular transboundary groundwater problem. The ability to work from a jointly agreed set of
facts is a precondition for meaningful negotiations (at a political level) to resolve a given Transboundary
water issue and the provision of clear, focused and uncontested groundwater monitoring data a prime
component of such an array of facts.

K. GROUNDWATER SIMULATION MODELING - A TOOL FOR MANAGEMENT

Numerical groundwater models are an efficient management and planning tool for the development of complex
aquifer systems. Models, if properly constructed are useful to estimate the effects of future
development/management schemes on the groundwater system. In addition, they can aid in understanding of the
overall behavior of a given aquifer system. The computed result of an aquifer simulation is the potentiometric
surface distribution of the aquifer and the salinity distribution in the aquifer or the concentration of a particular
contaminant species, which are the critical factor in water resources management and planning.

While the aquifer in reality can be developed only once at considerable expense, a numerical model can be run

many times at low expense over a relatively short period of time. Observations of model performance under

different development and management options aids in selecting an optimum set of operating conditions to use

the aquifer without endangering its sustainability. There are numerous applications of simulation models in the

development and management of groundwater resources, such as:

1) How should a field be developed and produced in order to maximize its economic recovery.

2) What is the best production scheme for production (well interference, spacing, depth of intake, etc..).

3) Why is the aquifer is not behaving as predicted.

4) What is the type of field and field data required?

5) What are the critical aquifer parameters that should be measured?

6) From what portion of the aquifer the production is coming.

7) What is the effectiveness of artificial recharge and other management schemes in combating salt water
intrusion.

8) Delineate a domestic wellfield capture zone and define its wellhead protection area.

9) Interpretation of chemical data obtained from the field, and their transport history and source.

10) Prediction of the behavior of pollutant plumes, and the impact of designed remediation measures.

Generally, the use of numerical models in a given groundwater study involves four steps: (1) Aquifer date

collection and conceptualization; (2) Model data preparation and initialization; (3) Model construction
(Calibration and sensitivity analyses); and (4) Prediction. The objective of the first three steps is to construct a
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representative computer model that simulates the actual groundwater system behavior. The last step, predictive
simulations, is run to estimate aquifer performance under a variety of development/management schemes. A fifth
stage in the modeling practice is called post-auditing, where the results of the model are revisited after the
implementation of the development and/or management scheme by a period and checked against observed
aquifer data, and further adjustment in the model is made in order to replicate the aquifer system behavior.
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ANNEX A: GROUNDWATER RESOURCES IN THE ESCWA REGION ®

Rainfall distribution and morphological, lithological and structural geological features govern groundwater
occurrence, accumulation and movement. Rainfall and snowmelt are the main sources of groundwater recharge.
Major geological features are the Arabian shield and shelf resulting from the split of the Afro-Arabian plate. The
Neogene fold created the Taurid and Iranian mountain belts north and north-east of the Arabian shelf which
extend from the Tauros and Zagros mountains in Turkey and Iran to the Oman mountains (ESCWA/BGR 1999).
The shield covers one third of the Arabian Peninsula and extends from the Gulf of Agaba in the north to the Gulf
of Aden in the south. It is composed of hard igneous and metamorphic rocks, while the shelf is composed of a
series of thick sedimentary formations dipping east toward the Gulf. Groundwater in the mountain belts in the
north and the shield accumulates in the fractured folded and fissured formation. Significant groundwater reserves
are found in the sedimentary formation of the Arabian shelf.

Groundwater in the region is found in numerous localized, regional and shared aquifer systems, such as the
Paleogene aquifer in the Arabian Peninsula, the Basalt aquifer between Syria and Jordan and the Nubian
Sandstone aquifer in Egypt. Major aquifers are those located in the Arabian Peninsula, part of the Syrian Arab
Republic, Jordan and Iraq. The Arabian Shelf contains many major carbonate and sandstone aquifers. There are
carbonate aquifers composed of limestone and dolomites of Jurassic and Cretaceous age in the western highlands
and mountain ranges and in the Palmyrean Mountains. Paleogene aquifers composed of chalks limestone and
dolomites extend over vast areas with mainly plateau-like landscapes in Syria, eastern Jordan, and southern Iraq,
northwestern and eastern Saudi Arabia, the Gulf area and the southern fringes of the Empty Quarter in Yemen
and Oman. The major water carbonate aquifers are known as the Eastern Mediterranean aquifers, composed of
carbonate formations, are in Lebanon, the Syrian Arab Republic and the highlands of Jordan. The Jabal AI-Arab
basaltic aquifers are located in southeastern Syrian Arab Republic, eastern Jordan and northern Saudi Arabia,
and the Jezira tertiary limestone aquifers located in southern Turkey and the Syrian Arab Republic. Relatively
deep aquifers include the upper and lower Fars formations, composed of gypsum interbedded with limestone in
the Syrian Arab Republic and southern parts of Iraq.

There are sandstone aquifers of Paleozoic to Cretaceous age in the eastern part of Saudi Arabia, southern Jordan
and the Rutbah area of Iraq, and deep, confined aquifers in northern Jordan and in Syria. The Disi-Saq sandstone
aquifers are located in Jordan and Saudi Arabia. The Nubian aquifer, composed of thick sandstone, runs through
Egypt, Libya and Sudan. This aquifer is overlain by a large carbonate aquifer which runs over the northern parts
of Egypt. Groundwater from these formations is shared among a numbers of ESCWA countries. These aquifers
are not usually at risk of pollution because of their great depth. Regional groundwater movement on the Arabian
Shelf is directed towards several depression discharge areas of the Dead Sea, Yermouk, EI Ghab, and Azrag-
Wadi Sirhan valleys, Damascus, Palmyra and Euphrates basins and the Sabkha area in the Gulf region.

Renewable groundwater is available in the Shallow quaternary wadis, flood plain and river bed deposits located
in the coastal plains and inland basins, which contain groundwater of good quality that is frequently recharged
by perennial river flow and flood flow. The shallow aquifers in the Arabian Peninsula, Lebanon, the Syrian Arab
Republic, western Jordan, Iraq and the Nile Delta hold groundwater reserves in the alluvial deposits and
limestone formations sufficient to meet water requirements. The hydrogeology of major aquifers located in each
ESCWA country is briefly discussed below.

* Extracted from document “Implications of Groundwater Rehabilitation, Water Resources Protection and Conservation:
Artificial Recharge and Water Quality Improvement in the ESCWA Region” (E/ESCWA/ENR/2001/12). For more details
on groundwater resources in the ESCWA region, the reader is referred to two ESCWA documents: “Updating the
Assessment of Water Resources in the ESCWA Member Countries” (E/ESCWA/ENR/1999/1 3); and “Groundwater
Resources in Paleogene Carbonate Aquifers in the ESCWA Refgion: Preliminary Evaluation” (E/ESCW A/ENR/ 1999/6).
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Lebanon. There are two main aquifers in Lebanon: the Jurassic limestone, with a thickness averaging 1200 m
and the Cenomanian- Turonian, with a thickness ranging from 600 to 1000 m. In addition, the Neogene,
Quaternary, and Carbonate aquifers overlie the two major aquifers. Recharge from precipitation is estimated at
2.5 bem, and water quality ranges from 150 to 800 ppm (Country Papers 1997, 1999).

Syrian Arab Republic. The main groundwater aquifers are those of Anti-Lebanon and the Alouite Mountains.
Folding and faulting of the geological layers has resulted in the mingling of the sub-aquifer systems. There are a
number of springs discharging from this aquifer system, such as the Ari-Eyh, Barada, Anjar-Chamsine and Ras
El-Ain. Recharge to the system occurs from intense precipitation in the mountainous regions which infiltrates
through the fractures and fissures of the karstified surface layer. The estimated recharge is 5.43 bcm. Water
quality ranges from 175 to 900 ppm. The other significant aquifer system is the Damascus plain aquifers that
extend from the Anti-Lebanon Mountains in the west to the volcanic formations in the south and east of the
country. This system is composed of gravel and conglomerates with some clay, and is represented by riverbeds
and alluvial fan deposits with a thickness of up to 400 m. Recharge occurs from wadi and river flow, irrigation
return, and leakage from the Cenomanian- Turonian aquifer estimated at 410 mem. Groundwater quality ranges
from 500 to more than 5000 ppm. The other major carbonate Haramoun mountain aquifer is located between
Lebanon and the Syrian Arab Republic. The main discharging springs are those of the Banias and Dan tributaries
of the Jordan River basin. The average spring discharge from the Haramoun aquifer is estimated at 464 mcm
with a recharge rate estimated at 320 mem. Groundwater quality is estimated at 250 ppm. Other aquifers with
limited potential are located in the desert areas. These consist of marl and chalky limestone of the Paleogene age.
Recharge occurs mainly from flood flow. Water quality ranges from 500 to 5000 ppm depending on the source
of recharge.

Egypt. There are groundwater resources in the Nile Valley, the Delta and the Nubian sandstone and alluvial
aquifers. The Nile Valley and the Delta are two distinct formations; the Quaternary and Tertiary sandstone and
gravel of the upper formation are separated from the underlying Nubian sandstone formation by a layer of clay.
The thickness of the Nile Valley and the Delta aquifers averages 300 and 1000 m, respectively, depending on the
location, with reasonable production capacity. Sources of recharge in the Nile Valley are percolation from
irrigation water and conveyance channels, while for the Delta they are irrigation percolation and river seepage.
Recharge to the Valley and Delta aquifers are estimated at 6.2 and 2.6 bem, respectively. Water quality ranges
from 170 to 1700 ppm and in some areas the concentration may reach more than 6000 ppm. There is also
groundwater in the extensive Nubian sandstone aquifer that extends into Libya and Sudan. Aquifer thickness
ranges form 100 to 800 m, with large potential groundwater reserves of good quality. Water-bearing formations
extend into the desert area of the Red Sea and the Sinai Peninsula.

West Bank and Gaza Strip. Groundwater resources occur mainly in the Cenomanian- Turonian mountain
aquifers and coastal Pleistocene sand and sandstone aquifers (ESCW AINR/1997). The mountain aquifers in the
West Bank consist of limestone and dolomite with a thickness of 700 m. In the mountain aquifer system, three
groundwater provinces have been identified in the western, north-eastern, and eastern basins. These basins
extend over most of the West Bank and discharge into the Yarkan River. The estimated recharge magnitude is
600 mem. There are sandstone aquifers in the Gaza strip with a thickness ranging from 10 to 180 m and an
estimated annual recharge volume of 70 mem. Water quality ranges from 1200 to 3000 ppm.

Iraq. Groundwater aquifers in Iraq consist of extensive alluvial deposits of the Tigris and Euphrates rivers, and
are composed of Mesopotamian-clastic and carbonate formations. The alluvial aquifers have limited potential
because of poor water quality. The Mesopotamina-clastic aquifers in the north-western foothills consist of Fars,
Bakhtiari, and alluvial sediments. The Fars formation is made up of anhydrite and gypsum interbedded with
limestone, and covers a large area of Iraq. The Bakhtiari and alluvial formations consist of a variety of material,
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Jordan. The major groundwater aquifers in Jordan are Wadi EL-Sir of the Turonian age, Amman of the
Cempanian age, and the Disi formations. The Wadi EI-Sir and Amman formations consist of limestone,
dolomite, chert and sandy limestone. One of these formations lies on top of the other throughout most of Jordan,

formation that extends into the northern region of Saudi Arabia. Recharge takes place directly by infiltration of
rainfall through fissures and karstified carbonate rocks, and from flood flow. Estimated recharge is 260 mcm.
Base flow and spring discharge is estimated at 540 mem, with water quality ranging from 500 to 3500 ppm.

Arabian Peninsula. Groundwater reserves for some of the countries of the Arabian Peninsula Saudi Arabia,
Kuwait, Bahrain, Qatar, the United Arab Emirates, Oman and Yemen are found in the renewable shallow
alluvial aquifers and non-renewable deep aquifers of sandstone and limestone formations (Abu Zeid 1992,

amounts of groundwater that is thousands of years old. The major aquifers are the Disi/Saq, Tabuk, Wajid,
Minjur-Druma, Wasia-Biyadh, Tawilah and Amran sandstone aquifers and the Dammam, Um Er- Radhuma, and
Neogene carbonate aquifers. Other aquifers are the Aruma, Jauf, Khuff, Jilh, Sakaka, Upper Jurassic, Lower
Cretaceous, and Buwaib formations. These aquifers cover two-thirds of the eastern Arabian Peninsula, with large
coverage of Saudi Arabia and extending into Kuwait, Bahrain, Qatar, the United Arab Emirates, Oman, and
Yemen, as well as into Jordan, the Syrian Arab Republic and Irag.

250 m, and contain large groundwater reserves. Groundwater recharge occurs from rainfall and flood flow, and
may reach 2000 mem per year. Water quality ranges from 300 to 5000 ppm. The other main groundwater source
is located in the deep carbonate and sandstone formations of the Saq, Tabuk, Minjur, Wasia, Wajid, Dammam,
Khobar, Sakaka, and Aruma aquifers. Vast amounts of groundwater stored in the deep aquifers serve as a
dependable source of water for the central and northern regions of Saudi Arabia, and to a lesser extent, the other
countries of the Peninsula. Total dissolved solids range from 400 to 20000 ppm. Good quality water is stored
only in the Saq, Tabuk, Wajid, and Dammam aquifers.

Kuwait. Groundwater resources consist of water available from the Dibdiba, Fars, Gar, Dammam, Rus and
Umm er-Radhuma formations. The aquifer system is divided into two main groups: the Kuwait group, which
includes the Dibdiba, composed of sand and gravel, Fars of evaporite and Gar sand formations, and the Hassa
group represented by the Dammam limestone, Rus anhydrite and Umm Er-Radhuma limestone formations. The
main formations for groundwater utilization are the Kuwait group and the Dammam formation. Groundwater
recharge is estimated at 160 mcm, with water quality ranging from 400 to 4000 ppm.
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Bahrain. The main aquifers in Bahrain are the Neogene, Dammam, Rus and Umm Er-Radhuma. The Dammam
aquifer provides most of Bahrain's water. The subdivisions of the Dammam formation are the Khabor (dolomite)
and the Alat (limestone) formations, each containing major aquifers of average quality water (2000-4000 ppm)
which serve as a domestic, industrial, and agricultural source for Bahrain. The Rus and Umm Er-Radhuma
aquifers contain either brackish or saline water unfit for consumption. The aquifer system in Bahrain acts as a
major recharge area for tertiary carbonate aquifers located in Saudi Arabia. Recharge is estimated at 100 mcm
and occurs by underflow from the extensions of aquifers originating in Saudi Arabia. There are other aquifers,
such as the Aruma and Wasia that have high salinity. Groundwater quality in the Dammam formations ranges
from 2000 to 4000 ppm, while for the Umm er-Radhuma it may reach 18,000 ppm.

Qatar. The aquifers in Qatar are in the carbonate, Umm Er-Radhuma, Rus, Dammam and Neogene formations.
The Aruma and Wasia formations are also present in Qatar. Groundwater from the Dammam, Umm Er-
Radhuma, and Rus formations is used to provide water for use in all sectors. Water quality in some locations is
good, ranging from 400 to 2000 ppm, however for most of the aquifer water quality ranges from 2000 to 6000

United Arab Emirates. There are groundwater resources in the upper clastic and lower carbonate formations
Jocated in the Bajada region in the eastern part of the country .The aquifers consist of alluvial fan deposits along
the base of the Oman and Ras El-Khaymah mountains extending over a large area. The upper aquifer is
composed of gravel sand and silt, the lower aquifer of limestone, dolomite and marl. Both aquifers range in
thickness from 200 to 800 m. In addition, the Dammam and Umm Er-Radhama formations extend into the
western desert areas, with thickness ranging from 500 to 1000 m. Groundwater quality in the two aquifer
systems, particularly in the Bajada region, ranges from 600 to 2000 ppm. The Dammam and Umm Er-Radhuma
aquifers contain highly saline water.

Oman. The Batinah alluvial and Bajada alluvial fan deposits and the Umm er-Radhuma and Rus tertiary
carbonate formations are the major aquifer systems in Oman. The Batinah alluvial aquifer is composed of gravel,
conglomerate, medium and coarse sand, silt and clay. Thickness ranges from 240 to 600 m. A large number of
fissures drain the mountain catchment areas into the Piedmont zones. Water quality ranges from 800 to 6000
ppm. The alluvial fan aquifer of the Bajada region consists of Quaternary deposits and Fars group formations,
with water quality ranging from 900 to 6000 ppm. The tertiary carbonate aquifers, represented by the Umm Er-
Radhuma, Rus and Dammam formations, have very poor water quality in excess of 4000 ppm.

Yemen. There are groundwater resources in the Tihama and Gulf of Aden alluvial deposits. The Tihama alluvial
aquifers are an extensive system extending along the coastal plains, and range in thickness from 20 to 500 m.
The aquifers receive extensive direct recharge from rainfall and wadi flood flow. Water quality ranges from fair
to good. The Gulf of Aden alluvial aquifers extend into the coastal area of the Gulf, with major wadis separated
by intrusive rock, and thickness averaging 400 m. The major aquifers are those in wadis and the Delta of Tuban,
Abian, Ahwear and Meifa. Water quality varies from 600 to 2000 ppm. The Hadramaut aquifer system consists
of sandstone and carbonate aquifers in the eastern Arabian Peninsula. The system consists of the Unm Er-
Radhuma limestone and Mukalla sandstone formations. The aquifer is overlaid with thick alluvial deposits.
Recharge from rainfall, run-off and intermittent flow is estimated at 160 mem. Water quality from the Mukalla
aquifer ranges from 440 to 1000 ppm. The other major groundwater source is contained in the highland aquifers
located in the rugged volcanic and crystalline mountains in the central region of Yemen. They are located in the
sub-basin and mountain plains of the center of the country. The main aquifers are in the alluvium, the volcanic
formations, and the Taqgilah, Amran, Kohlan and Wajid sandstone formations. Water Quality is generally good.
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ANNEX B: GROUNDWATER POLLUTION CASES IN THE ESCWA REGION

A water quality study in Saudi Arabia reported a relatively high nitrate concentration in shallow aquifers located
at a depth ranging from 30 to 50 m (Al Zubari, 2000). It was reported that the sampling of 388 wells located in
the six regions of Saudi Arabia in 1989 had nitrate levels ranging from 0.01 to 95 mg/l. The ammonia level in
eight per cent of the wells reached more than 0.05 mg/l, with some values as high as 5 mg/l. Faecal coliform
bacteria were present in 21.4 per cent of the wells. Another field study (Abdulrahman, 2000) carried out in the
castern part of Saudi Arabia investigated pollution from the application of fertilizers and herbicides. The main
pollution sources were nitrogen, phosphorus and potassium fertilizers and organic nitrogen from manure.
Pesticide and herbicide concentrations in the shallow aquifer were below detection levels. Because of its great
depth, the deep aquifer showed no si gn of pollution. The sampling of the shallow aquifer indicated high levels of
nitrate and sulphate and trace elements of boron, iron, and copper.

The nitrate values indicated seasonal variation, with the highest values of 620 mg/l in the winter and 568 mg/l in
the summer. The high sulphate values ranged from 7 690 in the summer to 5990 mg/l in the winter, while for
boron the range was from 18.7 in the summer to 24 mg/l in the winter. The highest fluoride values also ranged
from 5.4 in the summer to 15.4 mg/I in the winter (Abdulrahman 2000).

In Egypt, the application of nitrogen, phosphorus and potassium fertilizers increased by 62, 81, and 115%,
respectively, between 1976 and 1996 (Shamrukh et al., 2001). Extensive application has resulted in pollution of
the shallow Nile aquifer, Nile Delta and Nile Valley aquifers located at depths of 30-70 m. Concentrations were
20-350 for nitrate, 7-34 for phosphate, 7-28 for potassium and 96-630 mg/I for sulphate. The permissible limits
are 0.25-3.5 for phosphate, 12 for potassium and 250-400 mg/ for sulphate.

Highly toxic organic pollutants have also been found in groundwater in some ESCWA countries. The sources of
these pollutants are petrol spillage, brine from oil refinery by-products and medical waste. In the GCC countries,
injection wells are frequently used to discharge brines into the deep zones. In addition to their high salinity,
brines are usually contaminated by hydrocarbons, their content depending on the efficiency of the process used
to separate oil from water. Injection wells can cause groundwater contamination if the injected fluid enters
overlying fresh water aquifers as a result of poor well design or vertical migration through cracks, fault zones
and abandoned well casings. In Bahrain and eastern Saudi Arabia, brine has been injected into the Rus - Umm
er-Radhuma aquifers (Al-Zubari, 2000). The injected brine in Bahrain had an average oil content of 260 mg/l,
equivalent to 60 000 cubic meters of crude oil (Al- Zubari, 2000). Because of its serious environmental impact,
this type of pollution is not being reported. Treatment of such waste before injection is very costly.

In northern Bahrain, petrol leakage from storage tanks has resulted in a petrol plume 0.5 km wide and 1.5 km
long floating over the shallow groundwater sources (Al-Zubari, 2000). There is a similar problem in the
industrial city of Jubail in Saudi Arabia. Petro] pollution is common in most urban centers because of lack of
monitoring and poor design.
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ANNEX C: GROUNDWATER POLLUTION- HEALTH IMPACT’

Contaminated drinking water is the main cause of illness and death in the world. Ingestion of, or exposure to,
contaminated water causes a number of diseases. Others may be caused by exposure to naturally found harmful
chemicals or man-made pollutants in ground water. The morbidity and mortality rates of water-related diseases
that may result from pollution are shown in table B.1. There are short-term and long-term health risks associated
with contaminated water. These may be microbial (bacteria, viruses, parasites), chemical (metals, pesticides,
disinfectants by-products, etc.) or toxin-related (toxins produced by micro-organisms), as shown in tables B.2
and B.3. Contaminants in irrigation water can also affect agricultural products and cause health problems by
entering the food chain. Consequently, the absence of proper astewater collection systems and the persistence of
open channels or pools of wastewater will serve as breeding grounds for many diseases.

Illness resulting from water consumption may be caused by chemical contamination, such as radioactive
material, arsenic, cadmium, lead etc. or biological contamination by viruses, parasites and bacteria. The
symptoms of illness caused by groundwater contaminants include the following:

(a) Symptoms of chemical poisoning may include mental confusion, dementia, mental retardation in babies, etc.
Long-term exposure may be carcinogenic. Industrial and agro-industrial pollution, particularly by hydrocarbons
and heavy metals, can cause severe health damage;

(b) Biological contaminants can lead to uncontrollable outbreaks of disease, especially in developing countries.
Symptoms may include diarrhoea, gastro-intestinal manifestations, fever, etc. Infectious diseases caused by
pathogenic bacteria, viruses and protozoa or by parasites are the most common and widespread health risks
associated with drinking surface and groundwater. Water can carry a number of infectious diseases, such as viral
hepatitis, Norwalk virus, cholera, typhoid fever, camphylobacteriosis, gastro-enteritis, amoebic dysentery,
giardiasis and cryptosporidiosis. Water-borne infectious diseases can be fatal: globally, two million people die
from diarrhoea every year;

(c) Illness may also be caused by water containing naturally occurring trace elements, which may be beneficial
to health at low concentrations, but are very harmful in high dosages. Lead, arsenic, fluoride, and radioactive
isotopes are the most dangerous of these.

Table C.1 classifies water-related disease(Jurdi, 2000).
For many years a ban on human morbidity and mortality data operated by some countries made it difficult to
trace the effect of poor environmental conditions on human health. These restrictions have now been lifted, but it

is still difficult to collect data because methods are not standardized.

Adequate, safe water supply and treated wastewater can reduce the occurrence of water-related diseases and
death. Some preventive measures are shown in table C.4 (Jurdi, 2000).

? based on Jurdi, 2000 and ESCWA, 2001 (refer to the references list)
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TABLE C.1. ESTIMATED MORBIDITY AND MORTALITY OF WATER-RELATED DISEASES (After Jurdi, 2000)

* Morbidity Mortality Relationship of disease to water supply
(episodes/ year, or | (deaths/year) and sanitation
Disease as stated)
Diarrhoeal disease 1 000 000 3300 000 Strongly related to unsanitary excreta
000 disposal, poor personal and domestic
hygiene, and unsafe drinking-water.

Infection with 1 500 000 100 000 Strongly related to unsanitary excreta

intestinal helminths 000 disposal, and poor personal domestic
hygiene.

Schistosomiasis 200 000 000 200 000 Strongly related to unsanitary excreta
disposal and absence of nearby sources of
safe water.

Dracunculiasis 100 000¥"Y Strongly related to unsafe drinking water.

Trachoma 150 000 000¢ Strongly related to insufficient face
washing, often in the absence of nearby
sources of safe water.

Malaria 400 000 000 1 500 000 Related to unsatisfactory water
management, water storage, operation of
water points and drainage.

Dengue fever 1 750 000 20 000 Related to unsatisfactory solid waste
management, water storage.

Poliomyelitis 114 000 Related to unsanitary excreta disposal,
poor personal and domestic hygiene, and
unsafe drinking-water.

Trypanosomiasis 275 000 130 000 Related to the absence of nearby sources
of safe water.

Bancroftian filariasis 72 800 000 Related to unsatisfactory water
management, water storage, operation of
water points and drainage.

Onchocerciasis 17 700 0009 40 000° Related to unsatisfactory water

management in large-scale projects.

a/ People currently infected.

b/ Excluding Sudan.

¢/ Active Trachoma. There are approximatel

disease annually.

d/ Includes an estimated 270 000 blind people.
¢/ Mortality resulting from blindness.
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TABLE C.2. CLASSIFICATION OF WATER-RELATED DISEASE (After Jurdi, 2000), TYPE OF PATHOGENIC AGENT
AND RECOMMENDED ENVIRONMENTAL INTERVENTION

tapeworm)

Pathogenic Recommended environmental

Category Infection agent intervention
Water-borne
(faecal-oral)
Diarrhoeas and | Amoebiasis Protozoa Improve water quality
dysenteries

Camphylobacter gastro- Bacterium

enteritis

Cholera Bacterium

E. Coli diarrhoea Bacterium Prevent casual use of unauthorized

water sources

Giardiasis Protozoa

Rotavirus Virus

Salmonellosis Bacterium

Shigellosis Bacterium
Enteric Fevers Typhoid Bacterium

Paratyphoid Bacterium

Poliomyelitis Virus

Ascaiasis (giant roundworm) | Helminth

Trichuriasis (whipworm) Helminth

Strongyloidiasis Helminth

Taenia solium taeniasis (pork | Helminth

Water-washed

Infectious skin disease

Miscellaneous

Improve water quality

Infectious eye disease

Miscellaneous

Improve water quality

Louse-borne relapsing fever | Spirochaete Improve hygiene
Water-based Schistosomiasis Helminth Regulate the need for water contact
Dracunculiasis Helminth Control snail population
Clonorchiasis Helminth Improve water quality
Others Helminth Improve water quality
Water-related Trypanosomiasis Protozoa Improve surface water
insect vector
Malaria Protozoa Eliminate breeding sites of insect
Yellow fever Virus Control water storage
Dengue fever Virus Improve design of water storage
vessels
Other Virus

- Adapted from R.G Feachman, 1984 “Infection Related to Water and Excreta: The health dimension of the decade”

in P.G Bourne (ed). Water and Sanitation. Academic Press Inc. , Orlando, Florida, pp. 21-47.
- Adapted from Cairncross, Sandy et al. Evaluation for village water supply planning. Chichester, New York
Published in association with International Reference Centre for Community Water Supply by J. Wilev IRC.
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TABLE C.3. A SAMPLE CLASSIFICATION OF WATER-RELATED DISEASES BY AGENT, INCUBATION PERIOD AND

SIGNS AND SYMPTOMS (AFTER JURDI, 2000)

Disease entity Agent Incubation Signs and symptoms

period

Cadmium poisoning Cadmium <lhr Upper gastrointestinal symptoms
predominate (nausea, vomiting)

Fluoride poisoning Sodium fluoride

Arsenic poisoning Arsenic

Cholera Vibrio cholera <lweek Lower gastrointestinal symptoms
predominate (abdominal cramps,
diarrhoea)

Camphylobacter Camphylobacter foetus | <lweek Lower gastrointestinal symptoms

gastro-enteritis jejuni predominate (abdominal cramps,
diarrhoea)

Viral agents enteritis Variety of viral Agents | <lweek Lower gastrointestinal symptoms
(Coxackiek’s- predominate (abdominal cramps,
adenovirus, rotavirus) diarrhoea)

Amoebiasis Entamoebia histolytica | <lweek Lower gastrointestinal symptoms
predominate (abdominal cramps,
diarrhoea)

Giardiasis Lamblia <lweek Lower gastrointestinal symptoms

predominate (abdominal cramps,
diarrhoea)

Lead poisoning

Lead and lead salts

Variable/dose

Lower gastrointestinal symptoms

dependent predominate (abdominal cramps,
diarrhoea)
Hepatitis A Hepatitis A virus <Iweek General infection (fever, chills)
Typhoid fever Salmonella typhoid <Iweek
Methaemoglobania Nitrates Variable/dose Cyanosis
dependent
Organophosphate Organophosphate <I hr Neurological symptoms (visual
poisoning compounds, disturbances, tingling paralysis)
insecticides
Chlorinated Chlorinated 1-6 hrs Paralysis
hydrocarbon hydrocarbons,
oisoning insecticides
Pseudomonas Pseudomonas <lweek Paralysis
auruginosa infection auruginosa
Schistosoma dermatitis | Schistosoma larvae <lweek Neurological Symptom (visual
(many species) disturbances, and/or tingling).
Schistosoma dermatitis | Schistosoma <Iweek

haematobium

Source: Balance, R.C. and Glun, R.A. (1984)). “Drinkin
allocation”. World Health Organization WHO Chronicle,

g—water and sanitation projects: criteria Sfor resource

38(6), pp. 243-248 (1984).
General signs and symptoms should be carefully investigated, in addition to disease specific spectrum.
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TABLE C.4. IMPORTANCE OF WATER SANITATION-RELATED INTERVENTIONS AND DISEASE CONTROL

Intervention
Water | Water quantity Personal and Wastewater Excreta
quality convenience domestic hygiene disposal disposal
Disease drainage
Diarrhoeas
Viral diarrhoeas ++ +++ ++ 0 I+
Bacterial +++ +++ +++ 0 ++
diarrhoeas
Protozoa + +++ +++ 0 ++
diarrhoeas
Poliomyelitis and + ++ +++ 0 ++
Hepatitis A
Worm infections
Ascaris, Tricharis + + + + -+
Hookworm + + + 0 —++
Pinworm, dwarf 0 +++ +++ 0 ++
tapeworm
Other tapeworm 0 + + 0 4+
Schistomiasis + + + 0+ +++
Guinea-worm 4+ 0 0 0 0
Other worms, 0 0 0 0 ++
with
aquatic hosts
Skin infections 0 +++ +++ 0 0
Eye infections + +++ +++ + +
Insect-transmitted
diseases
Malaria 0 0 + + 0
Urban yellow fever, 0 0 + ++ 0
dengue
Bancroftian 0 0 0 +++ -+
filariasis
Onchocerciasis 0 0 0 0 0

Source: Adapted from Balance, R.C and Glun, R.A (1984). “Drinking-water and sanitation projects: criteria for
resource allocation”. World Health Organization, WHO Chronicle, 38(6), pp. 243-248 (1984).

Notes: Degree of importance of intervention:
+++  high,
++  medium,
+ low,
0 negligible

ANNEX D: GROUNDWATER RECHARGE IN THE ESCWA REGION

Three types of flood runoff utilization techniques are currently practiced in Jordan, Oman, Qatar, Saudi Arabia,
the United Arab Emirates and Yemen to augment groundwater supplies by artificial means. These management
practices include the use of storage facilities such as dams, dikes and water spreading basins, and lowland in
depressions with recharge wells are being used in areas with adequate rainfall and runoff potential to recharge
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the shallow aquifers

Recharge dams. This management practice focuses on the use of storage facilities including dams of various
sizes (ESCWA, 1993) to recharge the aquifers. Runoff is impounded behind these dams, recharges the
underlying alluvial aquifers from within the dam reservoirs area, as well as through the downstream channels
when water from the dam is released. In addition to enhancing the recharge process, the dam traps most of the
sediment load and reduces the magnitude of peak discharge, thereby diminishing flood damage downstream.
Most of the dams built in J ordan, Oman, Saudi Arabia and the United Arab Emirates were built for groundwater
recharge and flood control and, in a few cases, to provide water for irrigation or domestic purposes. The majority
of dams built in Yemen were intended for the diversion of floodwater for irrigation and groundwater recharge. A
few large dams in Saudi Arabia were constructed to serve a variety of purposes, including irrigation, flood
control and groundwater recharge. These dams have been built either at the headwaters of catchments in the
mountainous regions or in the downstream areas of catchments in Oman, Saudi Arabia, the United Arab
Emirates and Yemen. More than 256 dams have been constructed in the Arabian Peninsula within the last 10
years, and at least 58 new dams are planned for the next decade (ESCWA, 1995b). Approximately 95 dams of
various sizes have been constructed in Saudi Arabia with a combined storage capacity of 475 mcm, especially in
the western and southwestern regions, where relatively abundant runoff is available. In Yemen 10 dams have
been built with a combined storage capacity of 72 mem. Most of the dams in these two countries have been
constructed in mountainous regions to the availability of runoff from frequent rainfall and the high infiltration
characteristics of the coarse wadi bed deposits. Fewer dams have been or are being constructed in Oman and the
United Arab Emirates. In cases in which dams have not served their intended purposes, problems have been
attributed to inadequate operation and maintenance procedures. Problems of high evaporation losses as a result
of prolonged storage of water in the reservoir, high siltation rates and inadequate removal of the silt, and poor
operation and maintenance of controlled outlets also exist. Infiltration rates from reservoirs have gradually
diminished as a result of the progressive build-up of silt and clay deposits. Siltation of reservoirs is a major
problem in many parts of the Peninsula. Sparse vegetation, in combination with steep slopes, exposed rocks and
intensive rainfall, results in high concentrations of silt and clay being carried along by floodwaters. Lack of
regular water release, especially at low water levels in the reservoir, contributes to significant water losses
through evaporation. Dam efficiency is sometimes improved by the removal of silt from reservoir lakes and by
the regulated downstream release of water with the object of contributing significant volumes of water to the
recharge of the underlying aquifers.

Water spreading basins. Water spreading, known as flood irrigation or spate irrigation, is the simplest type of
water harvesting, where cultivated areas lie within and immediately adjacent to an ephemeral stream or wadi. In
many areas of the Arabian Peninsula, direct use of floodwater for irrigation or groundwater recharge is small in
comparison with the amount of available surface runoff. Spreading involves the use of small-cultivated basins
adjacent to the main wadi channel, where floodwater is diverted to meet crop requirements. This method was
once commonly used in Oman, Saudi Arabia, the United Arab Emirates and Yemen. Flood irrigation within
basins is still widely practiced in the downstream areas of major wadis in the southwestern region of Saudi
Arabia, and in most regions of Oman and Yemen. Cultivation of the flood plain is carried out in small basins
prepared ahead of the rainy season along the main wadi course. They may extend laterally for many kilometers,
as far as the flat terrain allows. Water sources include either direct rainfall or floodwater diversion.

Recharge wells. Recharge efforts in the Arabian Peninsula have concentrated mainly on the construction and use
of recharge dams. However, Kuwait and, more recently, Qatar have been experimenting with artificial recharge
wells and pits. The anticipated water sources include excess desalinated water, floodwater and imported water.
The purpose is to build a strategic groundwater reserve to be used during shortages.
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