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Foreword

This Abstract Book contains abstracts of the presentations submitted to the XXXVIII [AH
Congress held in Krakdw, Poland, whereas the attached CD-ROM contains extended abs-
tracts and keynote presentations. If the extended abstract was not supplied, the CD-ROM
contains only the initial short version given in the Abstract Book. About 400 abstracts
have been submitted of about 70 countries in five continents for oral or poster presen-
tations.

The leading theme of the XXXVIII Congress is “Groundwater quality sustainability”
which is of great importance for the preservation and/or remediation of groundwater
resources for future generations, and which is linked with the implementation of the EU
Water Framework Directive, as 2010 is the year when the formulation of programmes
aimed at preventing further deterioration of groundwater quality in EU Member States
must be completed. More than 15% of submissions are directly related to the leading
theme, of which about one tens has clear methodological character and the remaining
nine tens are related to case studies covering practically all the subjects of hydrogeology.
The presented case studies are in most cases also very instructive, and as that valuable
and worth of studying. Submitted presentations which are devoted to other subjects can
in fact be also regarded as related to the leading theme, as any hydrologic method or
any case study on a groundwater system can, to a certain degree, be used within the sco-
pe of the leading scheme. These other subjects are covered under five additional main
topics: groundwater and dependent ecosystems, aquifer management, mineral and ther-
mal water, data processing in hydrogeology, and general hydrogeological problems. It is
hoped that as a consequence of these broad subjects, all the scientific and professional
activities of the IAH members will be properly represented at the Congress sessions.

The Table of Contents of the Abstract Book refers to “the main topics”, which were
placed in the first circular. Within each topic, abstracts are arranged by ID allotted in the
online abstract registration process. For practical reasons, the Abstract Book consists of
two volumes. Volume 1 contains abstracts of topics 1-2, while Volume 2 contains abs-
tracts of topics 3-6. In order to facilitate the use of the book, two kinds of indexes are
available — the Index of Authors in alphabetical order and the List of Abstracts arranged
by ID of abstracts, both placed at the end of Volume 2.

Editors: Andrzej Zuber

Jarostaw Kania
Ewa Kmiecik

Krakow, Poland 2010
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WATER QUALITY IN THE BOU AREG PLAIN AND THE LAGOON OF NADOR (MOROCCO):
THE LAND USE CONNECTION AND GROUNDWATER POLLUTION
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Faculté Pluridisciplinaire de Nador, University of Oujda, Morocco, nelhamouti@yahoo.fr
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Institute of Environmental Geology and Geoengineering (IEGG), National Research Council
(CNR), Italy, zuppi@unive.it
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Under the premise of the need for an integrated approach for water resource management it is
important to take into account the relations between drainage basin (catchment area) and the
aquifer through the near coastal zone, and to develop adequate science based policies oriented
to achieve sustainable water management. The Mediterranean basin is a perfect example of the
attempts of application of a holistic approach (not only through IWRM and ICZM) in order to
perform the best management practices and to achieve the sustainability goals. This area has
been object of several studies and conventions; however discrepancies at political social eco-
nomical, and therefore environmental, level still exist between the European rim countries and
the Middle East and North Africa (MENA) region ones. Moreover, even for areas where increas-
ing attention is paved to coastal zone, transition zones, and lagoon system protection, so far
most of the interest was focused on the ecological functions of these lagoons and the possible
exploitation for aquaculture activities.

The lagoon of Nador (Morocco) is a perfect example of this situation. Understanding the role of
the aquifers in the lagoon circulations and the interaction between fresh groundwater and
saline or brackish lagoon waters is of crucial importance for the protection of the fragile lagoon
dynamics.

Understanding the present subterranean hydrology means to comprehend their past morphol-
ogic conditions and to evaluate their recent geological evolution.

Therefore this work is focused on the role of hydrogeology and hydrogeochemistry in guiding
the integrated water management processes, and on the definition of groundwater quality in
the Bou Areg coastal plain also considering its interaction with the lagoon of Nador. Groundwa-
ter samples from ten wells have been collected in November 2009, as a preliminary investiga-
tion on the general quality of the aquifer. Hydrochemistry of major and minor elements (e.g. B,
Br, Li, Si, Sr), together with the environmental stable isotopes of water molecule (6180 and §2H)
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and 613C has been used to restrict the sources and the processes of salinization and trace the
origin of groundwater recharge. As the area is mainly exploited for agricultural activities, the
natural abundance §15N-NO3 was investigated to trace the main sources of NO3-, as a fundamen-
tal step to prevent the plain from further contamination. The 6180 composition of nitrate adds
some more information on the origin of NO3-, and it allows distinguishing between synthetic
and natural fertilizers.
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Abstract ID: 133

EVALUATION OF THE AGRICULTURAL DEVELOPMENT IMPACT
IN AN ARID-SEMIARID REGION OF THE ARGENTINE REPUBLIC

Norberto G. Bucich
Instituto Nacional Del Agua — Centro Regional de Agua Subterranea, Argentina,
nbucich@ina.gov.ar

Patricia S. Luna
Instituto Nacional Del Agua — Centro Regional de Agua Subterranea, Argentina,
pluna@ina.gov.ar

Jose J. Urnicia
Instituto Nacional Del Agua — Centro Regional de Agua Subterranea, Argentina,
jjurnicia@hotmail.com

Keywords: irrigation, intensive exploitation, mathematical models

The groundwater is of paramount importance in the water provision an a great part of the Argen-
tine Republic. Total in the rural areas and partially in the cities with important population
growths. This resource favoured the agricultural and industrial parks expansion in the interior of
the country. Nevertheless, inadequate management and overexploitation have contributed to
problems, such as level depressions and deterioration of water quality in urban areas. The word
overexploitation intends to qualify a concerning evolution from certain points of view, but has no
precise hydraulic meaning (Custodio, 2002). Nowadays in Argentina an important change is under
way, since the society is becoming aware of needing a rational use of the water resource for the
agricultural economy and the public provision.The present article analyzes the changes produced
in a region of Northwest Argentina, called Sistema Serrano (Fig. 1).

This region extends over 181,000 km?, and is in the arid and semiarid part of the country,
where productive agriculture is possible only by irrigation. Based on non systematic historical
data and hydrogeologic studies decided by governments in order to determine the sustentabil-
ity of intensive exploitation, the present study aims to give a panorama of the current develop-
ment of groundwater use and inform about actions to attain a more effective management of
the resouce. At about the late 1980’s began in Argentina the incorporation of modern pressur-
ized irrigation systems with groundwater, which gave way to an accelerated growth of irrigated
surfaces throughout Western Argentina (Chambouleyron, 1993). This growth was enhanced
with the application of tax reductions for the development of modern technologies. The irri-
gated areas reach 77,000 hectares and their increase continues. In (Fig. 1) is presented the
Sistema Serrano, which includes an interior basin where all the groundwater closes its cycle in
the Salinas Grandes of La Rioja. This figure indicates also the analyzed areas, which have been
intensively exploited with groundwater. In the majority of these areas this exploitation has not
produced water level drawdowns which could indicate overexploitation, if compared with
records from the 1970’s. In the basins N289 and 93, where only are available data from recent
years, a drawdown has been observed in the piezometric levels. This can be explained by his-
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torical pluviometric records, which from 1974 or 1975 indicate a marked increase in rainfall,
but after the year 2000, a tendency to drier conditions.
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Figure 1. Situation of the Sistema Serrano and areas cultivated with groundwater.

It is, then, necessary a joint work of scientists, politicians and public in order to achieve sus-
tentability, development of water policies and water resource management to satisfy the future
demand of water, and to avoid unacceptable impacts (Grabert, 2006). In this way, in some ana-
lyzed areas were made mathematical models (Bucich, 2009) and has been advised a continuous
adjustment of them, as well as periodical measurements of level and expansion of pluviometric
networks, in order to monitor the growth of agricultural demand and make it compatible with
the potable water provision systems.
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Abstract ID: 179

GROUNDWATER QUALITY OF THE LIMPOPO PROVINCE BASEMENT AQUIFERS
AND ITS IMPACT ON RURAL GROUNDWATER SUPPLY

Martin Holland
University of Pretoria, South Africa, m.holland@mweb.co.za

Keywords: groundwater, basement aquifers, quality, pollution

The basement rock aquifers of the Limpopo Province are geologically and structural complex,
shaped by multiple tectono-metamorphic events spanning at least 600 million years (Kramers
etal, 2006). These aquifers are often referred to as fractured water-bearing igneous and meta-
morphic rocks with low storativity and poor permeability. Due to their extent and readily avail-
ability basement aquifers maintains the livelihood of thousands of people living in the rural
communities of this semi-arid region. In addition, the surface water resources in many areas of
the Limpopo surface water management area’s (WMA's) are now fully utilized and almost the
only opportunity left for further development lies in the exploitation of groundwater. However,
there is a perception amongst water users that groundwater resources are not as viable as
surface resources. Remote communities without any other source of water view abstractions
from a borehole as second hand and regard it as a poor man’s resource. Recent internal strategy
perspectives (ISP) of the Limpopo WMA'’s have indicated that groundwater resources are evi-
dently under-utilized and under-developed. The prospect of groundwater to successfully eradi-
cate backlogs in provision of water could be severely jeopardised by inadequate control or
management of groundwater qualities in the Limpopo Province.

Borehole yields in basement aquifers are typically relatively low (usually less than 51/s and
often less than 1 1/s) and groundwater quantities are usually limited. The presence of undesira-
ble natural hydrogeochemicals or by introduced contaminants reduces the exploitation value
even further. Neglecting the variation in groundwater chemistry due to either ignorance or lack
of information can cause harmful or even detrimental effect to the community who relies on the
bad quality water as their domestic source.

Table 1 presents the overall drinking guideline classification of the major ion chemistry of the
Limpopo basement aquifer region under investigation. The dataset is based on the national
groundwater database and the Limpopo groundwater resources information project. Approx-
imately 4000 samples was used in the classification.

Table 1. Potability classification of the area of investigation (EC in mS/m, all other in mg/1).

EC Ca Mg Na S04 Cl N F Final Class
Class I 76% 97% 74% 89% 100% 78% 61% 89% 27%
Class I 22% 3% 17% 9% 18% 20% 5% 39%
> Class II 2% 0% 9% 2% 4% 19% 6% 34%

SANS 241:2006; Class II (max. allowable human consumption for limited duration).

Almost 35% of samples show major ion concentration far from ideal. The most noticeable ele-
ments of concern for water consumption is nitrate (measured as nitrogen (N)), with magne-
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sium, fluoride and chloride also exceeding the recommended drinking water quality limits. The
main inputs of nitrate to groundwater are derived from anthropogenic activities such as ferti-
lizer application to land, sewage sludge application to soil, wastewater irrigation, on-site sanita-
tion, deforestation, and mineralization and mobilization of natural soil nitrogen by tilling of the
soil. However, the large extent of nitrate pollution requires a closer investigation and under-
standing (Fig. 1). Flouride in groundwater has both natural and anthropogenic sources. High
intake of fluoride from drinking water is the main cause of flourosis and may lead to many other
health problems.
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Figure 1. Simplified map showing the distribution of nitrate in groundwater in the Limpopo and
Levuvhu/Letaba WMA's.

Results show that many rural groundwater supplies are contaminated. Approximately 35% of
rural communities in the region are dependent on groundwater alone and 50% of have conjunc-
tive use of both surface- and groundwater. Inappropriate on-site sanitation at rural villages and
animal feedlots frequently lead to pollution and the abandoning of well fields. If mitigative
measures are not established early, groundwater quality will have a severe impact on the ex-
ploitability of groundwater resources in the Limpopo Province. These measures may include
the provision of accurately mapped water quality information, proper borehole construction,
protection zoning and appropriate water treatment for drinking purposes.
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GROUT CURTAIN CONSTRUCTION USING BENTONITE FOR THE CONTROL
OF GROUNDWATER SEEPAGE AND CONTAMINANT MIGRATION
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Keywords: bentonite grouting, permeability, vertical barriers, contaminant flow

BACKGROUND

The contamination of groundwater resources from point or extended sources has been a source
of worry to groundwater users and researchers. Identifying the contaminated source and clear-
ing it from spreading could be the best way of addressing contamination issues. However, this
might not be very effective as some traces could still be left behind. The only way to prevent
potential sources from spreading as corroborated by many researchers is to construct a vertical
barrier to block water or leachate from entering or leaving the contaminant source respectively.

Grout curtains are vertical, low permeable grout walls constructed in the ground to block hori-
zontal fluid flow. They are constructed by injecting grout at certain pressure directly into the
soil or rock through drilled holes at closely spaced intervals such that each plume or “pillar”
overlaps the next, thus forming a continuous wall or curtain. The injected grout permeates
through the soil thereby sealing the pores and cavities resulting into low permeable barrier. In
most cases, vertical barriers are constructed by in situ mixing of cement and soil in deep trench
to form the barriers. However, constructing such barriers at great depths below the ground
surface may be limited by the capability of the trenching equipment. This method requires
heavy machinery which may be capital intensive and environmental unfriendly. However, in
grout curtain, the grout can be injected to considerable depths which can also penetrate tiny
pores of the soil or fractured rocks of small aperture sizes.

A laboratory test on the suitability of using bentonite grout for the construction of vertical bar-
riers was investigated. In this research, grout injection into artificial rock fracture and porous
medium (river sand from Okayama area of Japan) using Salt/bentonite slurry was conducted.
The paper discusses how a grout curtain can be constructed in the saturated-to-unsaturated soil
and rock conditions to ensure complete containment of contaminant.

CRITICAL HYDRAULIC GRADIENT

Barrier thickness is a determining factor to the effective performance of the barrier. The design
of the thickness wholly depends on the critical hydraulic gradient of the bentonite used. This
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implies that, prior to the construction of grout curtain, it is important to determine the critical
hydraulic gradient. The critical hydraulic gradient is the hydraulic head beyond which a failure
of the barrier occurs. This is given by the relation

Ah
o <l
where 4h is the effective hydraulic head, L the thickness of the barrier and Ic is the critical hy-

draulic gradient which can be determined experimentally.

APPLICABILITY AND LIMITATIONS

Grout curtains may be used up-gradient of the contaminated area, to prevent clean water from
migrating through waste, or down-gradient, to limit migration of contaminants. They may also
be used as cut-off wall for groundwater storage in underground dams. However, effectively
creating a wall without defects has been problematic in certain environments and operating
conditions. Especially, if very coarse-grained materials are encountered, defects in the curtain
may occur. The site must be well characterized to minimize unexpected geologic conditions.

METHODOLOGY

The method involved injecting salt/bentonite slurry at Liquid/Solid (L/S) mixing ratios of 6, 8
and 10 into cylindrical columns of compacted river sand of porosity (0.33 <n < 0.40). The re-
sulting grouted columns were then set up for permeability test with subsequent determination
of critical hydraulic gradient. Determination of the critical hydraulic gradient involved running
the permeability test for a long time while maintaining a given hydraulic gradient and the per-
meability determined with time until a constant permeability was attained. Measurement con-
tinued at stepwise increase in hydraulic gradient till failure occurred where the permeability
was observed to increase with time.

Similar injection was conducted on artificial fracture of aperture sizes 60, 80 and 100 um and
the critical hydraulic gradient determined.

RESULTS AND CONCLUSION

The results showed that grout of the given mixing ratios was successfully injected into com-
pacted river sand and artificial fracture. The critical hydraulic gradient for the compacted sand
was between 180 and 200 while that for the grouted fracture was between 30 and 35. It is thus
safe to use the lower values of critical hydraulic gradient of 180 and 30 for sand and fracture
respectively in calculating for the barrier thickness. The permeability values for the porous me-
dia was in the range of 109 cm/s while the values for the grouted fracture in the range of 106
t010-7 cm/s which are recommended for seepage barrier.

The critical hydraulic gradient for porous media is thus higher than for fracture medium. The
lower value for the fracture could be due to the smooth nature of acrylic used for the fracture
model. A rough surface is thus recommended that may mimic fracture conditions on the field.
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In the south-west of France, the Eocene aquifer is one of the main resources for irrigation,
thermo-mineral water, and mainly for drinking water in the Bordeaux region.

This aquifer is characterized by the presence of a large mineralized area, centered on the Entre-
deux-Mers region, between the Garonne and the Dordogne rivers, where the groundwaters
show strong mineralization and anomalous levels of critical elements, such as sulphates and
fluoride, leading to difficulties of resource exploitation for drinking water supply.

Initiated early 2009, the CARISMEAU 2 project, funded by the Bureau de Recherches Géologi-
ques et Miniéres (BRGM), the Institut EGID — University Bordeaux 3 and the French Water
Agency Adour-Garonne (AEAG), focuses on the geochemical, multi-isotopic and hydrogeological
characterization of this mineralized groundwater sector of the Entre-deux-Mers area. The main
objectives of this project are to improve the understanding of the origin of the salinity of this
mineralized area and to investigate how these mineralized waters circulate in the Eocene aqui-
fer and/or in this multi-layer aquifer system.

Krakow, Poland 2010

11



12

1. Groundwater quality sustainability

For that purpose, combined geochemical analysis (major and trace elements) and classical
isotopic methods using §80nz0 and 82Hwz0, §34Sso« and 6180sos is carried out. In addition, an
innovative isotopic method using strontium isotopes (87Sr/86Sr) and more exploratory isotopic
methods using boron (611B), lithium (67Li), uranium (234U /238U) and radium (%28Ra/226Ra) iso-

topes will be applied on the mineralized area

The deposit sequences characterizing the Eocene aquifer system are progradational westward,
from detrital deposits to carbonates. The Eocene sands and the Eocene limestones are hydrauli-
cally connected, the extension limit is located under the city of Bordeaux. The groundwater re-
charge may occur through the Eocene outcrops located in the north and north-east of this miner-
alized area of the Entre-deux-Mers, and also by vertical leakage from the Oligocene aquifer.

The first investigation, carried out in autumn 2009, allowed the characterization of 50 ground-
water sampling points in the mineralized area. The in situ electrical conductivity ranges from
130-1630 puS/cm.

Ongoing analyses of major elements confirm the salinity variation in the system and the multi-
isotopes results will be presented at the conference, in order to decipher the origin of this salinity.
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In southern Luxembourg as in many regions of intensive farming, groundwater resources from
a large fracture sandstone aquifer have become increasingly at risk from pollution by pesticides.
In order to avoid further deterioration of this drinking water resource, the immission situation
at the surface has to be reduced or modulated by adapting land use and management practices.
This requires the correct attribution of contributing surfaces to a specific spring or group of
springs. As it is uneconomical to try calibrating fractured rock transport models for each spring,
a mixing-cell tool (Klaus et al., 2008) was developed that links predicted leached concentrations
in the soil to the spring chemical fingerprinting via an inverse iterative procedure based on
consistent mass flow equations.

First, a typical pesticide leaching forward modeling was performed for the substances meas-
ured at spring level and for the different soils, land uses and pesticide application rates encoun-
tered in the catchment of interest (Petach et al., 1991). A linear optimization scheme (Loucks et
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al,, 1981) was then applied to the leaching maps, and boundaries of the spring’s capture zone
calculated by minimizing an objective function subject to a number of constraints (Fig. 1):

B a water balance constraint.

B amass balance constraint for each substance measured at spring level.
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Figure 1. Spring capture zone delineation workflow.

Spatial variability was simulated by running multiple optimizations with different leaching
maps generated from randomly sampling the frequency distribution of the leached substance.
The final capture zone resulted from the union of all optimal solutions. Additional information
such as flow direction derived from surface and subsurface analysis (no-flow boundaries such
as rivers, topography of the aquifer’s basis, geological survey) can be integrated in the optimiza-
tion procedure by modifying accordingly the cost-distance matrix of the objective function.

The advantages of the proposed methodology are:

B Use of available physico-chemical parameters measured at spring level in a quantitative way.

B Integration on a scientific basis of water balance (catchment's surface area) and mass bal-
ance (contributing areas) in a physically consistent distance-based model.

B Substantial leeway to add additional geomorphological and geological information (from
surveys, tracer tests, risk mapping) of different quality and origin.

B Computer-based tool to assist the delineation process.
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1. INTRODUCTION

The Zagreb aquifer is built of gravel and sand deposits stretching along the Sava River at the City
of Zagreb territory. The municipal water supply relies on the groundwater from the aquifer. The
aquifer is of unconfined type and its upper margin of saturation is a water table exposed to the
atmospheric pressure. The aquifer is generally replenished by infiltration from the Sava River,
infiltration of precipitation, and underground inflows from both west and south.

The present paper is intended to assess the groundwater quantity in the Zagreb aquifer by
using an analysis of the groundwater table, pumping rates, precipitation and runoff data from
the 1970s onward.

2. GROUNDWATER QUANTITY ANALYSIS

The analysis of the groundwater table fluctuations measured at about 500 observation wells
indicates an average groundwater table decrease at the entire aquifer area of 1-2 m every
10 years (Fig. 1).
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Figure 1. Typical hydrograph.

The analysis of the water surface at minimum groundwater tables and of the Zagreb aquifer bedrock
enabled us to determine the volume of water in the water bearing stratum pores beneath the lowest
recorded water table. Gradual decrease in the volume has been recorded since 2006 (Fig. 2).
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Figure 2. Groundwater volume beneath minimum annual groundwater tables.

Natural replenishment of the aquifer is determined by an analysis of the water surfaces at
minimum and maximum groundwater tables. It is determined that the volume shows no strong
trend, which is understandable since it depends on annual precipitation.

Comparison of natural replenishment of the aquifer with average annual pumping rates at the

Zagreb well fields during the period 1996-2006 indicates that the pumping rates exceed the
natural replenishment rates (Fig. 3).
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Figure 3. Comparison of natural replenishment with pumping rates.

3. CONCLUSION

The analysis of the groundwater table data collected for the City of Zagreb area indicates an aver-
age groundwater table decrease of 1-2 m every 10 years. Reasons for the groundwater table de-
crease include: (1) deepening of the Sava riverbed caused mostly by construction of the power
plant reservoirs on the Sava upstream from Zagreb, training of tributaries, and gravel mining in
the riverbed, and (2) increase in groundwater abstraction for the City of Zagreb water supply.

Total annual pumping rates for all Zagreb well fields exceed the annual groundwater replen-
ishment rates, which mean that the Zagreb aquifer is “overpumped”. That part of the quantity
pumped that exceeds the replenishable reserves is made up from permanent unreplenishable

reserves. The permanent reserve volume was 3.88 km3 in 1976, and 3.72 km3 in 2006, therefore
it decreased by 4% in thirty years.

To conclude: total groundwater quantity in the Zagreb aquifer is comparatively abundant, how-
ever presence of a negative groundwater table trends and excessive pumping from the aquifer
ask for caution, which means quality monitoring and systematic analysis and interpretation of
the monitoring results. This ensures realistic inputs for an optimum management of water as a
strategic Croatian resource.
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Industrial operators are commonly reluctant to drill water production wells when other options
are feasible. Most often, the main argument is the uncertainty in the yield of the projected wells.
A stochastic approach can be used to quantify the risks and help decision makers. In this work,
the Sur project in Oman is described as a case study of such approach.

The aquifer beneath Sur is strongly heterogeneous and is made of early Palaeocene-Eocene
carbonates deposited in sub-horizontal layers. This sediment deposition makes groundwater
development particularly risky. Fresh water was not found in the area and the aquifer suffers
from seawater intrusion. Thus, water supply at Sur city relies on seawater desalination.

A project was built involving the design, construction and 22-years operation of a new
80200 m3/day capacity Seawater Reverse Osmosis (SWRO) desalination plant at a given site
close to the city. Such facility should be supplied with up to 9200 m3/h of seawater, theoreti-
cally extracted either from the sea through an open intake or through beach wells along the
coastline. If the first option is more costly than the second, the second is riskier, given that the
availability of such a huge yield in a limited space and heterogeneous aquifer is hard to prove
before well drilling and testing. It was demonstrated by the three field campains: a first series of
four recognition wells, sub-surface geophysical measures (ERT) and a series of 19 recognition
wells.

An analysis of the uncertainty of groundwater availability was presented to the Project’s foun-
ders. This analysis was based on stochastic inverse modelling: Monte Carlo analysis of 200
simulations of transmissivity and storage coefficient fields conditioned to available data (i.e. a
geostatistical model of the geophysical aquifer properties and the response to tidal fluctuation
and to long term pumping tests) was carried out. The statistical analysis of the results proved
the availability of the targeted 9200 m3/h at the site. 100 out of the aforementioned 200
equiprobable simulated transmissivity fields were then used to design an optimum well field
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layout. The optimisation was carried out by a genetic algorithm that minimizes a cost function
accounting for: (1) drilling, operational and maintenance costs, (2) target discharge and mini-
mum drawdown (i.e., minimum aquifer vulnerability) and (3) technical feasibility of the solu-
tion. The optimum well field layout included 33 beach wells producing either 360 or 250 m3/h
each. Not all the 33 selected beach wells were drilled at the modelled location due to various
technical constraints. Nevertheless, the total yield required for the new plant facility can now be
withdrawn from the site with an acceptable drawdown, making Sur the largest SWRO desalina-
tion plant in the world fed only by beach wells.
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1. INTRODUCTION

In Poland approximately 2400 open pits of different rock materials are operated, and some 60
million tons of lignite are mined by surface method. The most rational method for reclamation
of open pits is filling the reservoirs with ground water, supported by surface water. This paper
is an informative one. Its objective is to acquaint the participants of the XXXVIII IAH Congress
held in Poland with reclamation of post-mining lignite open pits in the host country by flooding
(Tab. 1). Besides, it provides some data on hydrogeological conditions of lignite mines in Pol-
and.

Table 1. Water management in post mining excavations in polish lignite mines.

Region of lignite mining  Open pit  Completion of lignite Area Depth Volume
production [ha] [m] [million m3]
TUROW Turéw 2040 1865 200 1600
BELCHATOW Betchatéw 2019 1690 205 1323
Szczercéw 2038 2200 165 1752
KONIN-ADAMOW 16 open pits 1953-2037 4120 3-65 1220

2. HYDROGEOLOGICAL CONDITIONS OF POLISH LIGNITE MINES

Lignite is one of two main sources for electric energy production in Poland. The operated lignite
open pit mines are Tertiary age and occur in the Central (Betchatow Region), Western (Konin-
Adaméw Region) and South-Western (Turéw Region) part of Poland and have different hydro-
geological conditions (Libicki, 1987). In the Konin-Adamdéw Basin the most important are the
confined aquifers (Tertiary and Mesozoic) with average permeability 3 m/d, but it may increase
until 40 m/d in the cretaceous marls. Depending on the open pit, the groundwater table is lo-
wered from 40-100 m, and the radius of cone of depression is 4-7 km. The mine water inflow
for all open pit mines in the region is in average 310 m3/min. Turéw Lignite Basin has a shape
of real basin (tectonic depression), having thickness from 50 m on the boundary to 300 m in the
middle. The bed constitutes impermeable Palaeozoic rock filled with two lignite seams inside.
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The overburden (Quaternary and Tertiary) consists of clays and sands which occur in form of
closed lenses from 1 to 30 m thick with average permeability of 13 m/d. They contain static
groundwater under pressure of 2-20 bar depending on the depth. The mine water inflow is
20 m3/min. Betchatéw Lignite Basin is deposited in the tectonic rift valley. The aquifers occur-
ring in the particular stratigraphic series (Mesozoic, Tertiary and Quaternary) have many geo-
logical and hydraulic connections, so the whole complex of the permeable rocks creates one
huge and heterogeneous aquifer in the whole region. The hydraulic conductivity for Mesozoic
aquifers (fractured limestone, marls and sandstone) is very diversified, the highest is in the
karstified limestones. The average hydraulic conductivity for Quaternary sand-gravel series is
20 m/day. The mine water inflow for two working open pits amounts to 500 m3/min. The
groundwater table is lowered about 300 m, and the radius of cone of depression is 3-9 km.
Annual precipitation in the regions of lignite basins varies from 500-700 mm/year. All deposits
are below the natural groundwater table that occurs most frequently right under the terrain
surface (from 1 down to 5 m).

3. WATER MANAGEMENT IN ABANDONED LIGNITE OPEN PITS IN POLAND

As demonstrated by to-date observations and investigations, filling the huge post mining exca-
vations with ground water drainage only is likely to take even several dozen years. For this
reason in the Konin-Adamoéw Basin the process of natural groundwater recharge is enhanced
with water from dewatering of adjacent open pits and surface water from neighboring rivers.
Because of scarce resources of groundwater, the most likely option for the Turéw open pit is
filling the excavation with surface water from the surrounding courses at the rate of about
3.87 m3/s (Fiszer et al,, 2005). The two post mining reservoirs in Betchatow lignite mine will be
filled with water in a natural way, with additional recharge from river at a rate of 2.25 m3/s or
4 m3/s (Kasztelewicz et al., 2008). The use of surface water speeds up the process of filling the
voids with water until 10-30 years and protects from water acidification as result of contact
with some lignite seams left.

4. SUMMARY

The management of large abandoned open pits will bring about appearance of a number of
geotechnical and hydrogeological problems. Early standing with work on the solution of these
problems will make it possible to carry out appropriate mining operations and also, will allow
providing real financial inputs which will be allocated for reclamation of future open pits.
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1. MAIN AQUIFERS

From geostructural point of view, the territory of the Azerbaijan Republic is represented by the
Greater Caucasus, the Lesser Caucasus Mountain Ranges and the Kur-Araz Lowland lying be-
tween these two mountain ranges (Alekperov et al., 2008). In mountainous areas of Azerbaijan,
groundwater is basically found in the areas of weathering and tectonic faults, where discharge
process generally occurs by means of springs on the foothills and the yields of these springs
vary between 5 and 10 1/s. The springs with higher yields (60-100 1/s) are encountered mainly
in the areas of karstic limestone formations.
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Figure 1. Groundwater in piedmont troughs, fresh and low-mineralized.

Aquifers in piedmont and intermountain troughs are rich in fresh and low-mineralised (ca.
1-3 g/1) groundwater (Fig. 1). These aquifers are formed by merged coarse-grained alluvial fans
of rivers, effective thicknesses of which reach 300-500 m, and rarely 1000-1500 m. Yields of
wells drilled here into unconfined and confined aquifers vary between 0.1-301/s and 0.1-981/s,
respectively. Numerous springs with yields of 0.1-0.3 1/s and 15-20 1/s recharge from the uncon-
fined aquifer. Piezometric levels of pressurized water are both below and above ground surface.
The flow rates recorded during pump tests are between 0.1-0.2 and 57-981/s. Producible stock
of groundwater in Azerbaijan is estimated to be 24 mln m3/day.
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2. GROUNDWATER QUALITY

Groundwater in the mountainous areas is of drinking quality and the chemical contents include
HCOs3-Ca. Hydrosulphuric and hydrocarbonate mineral waters are also observed in the moun-
tainous zones.

Fresh and low-mineralised waters are widely spread within the borders of piedmont plains. In
the lower parts, however, fresh and low-mineralised waters get rapidly shifted by saline, me-
dium and highly saline waters. High TDS content is a common feature of artesian aquifers com-
posed of sediments of marine origin. Groundwater hardness varies between 1-24 mg-eq/l; pH
6.6-8.4; chloride content 4-1900 mg/l, sulfates 4-1400 mg/l. Groundwater in the lowlands is
salty, and solid residues may reach up to 100-200 g/1. Chemical composition of groundwater is
represented by all possible combinations of anions and cations (Alekperov et al., 2008).

3. QUALITY SUSTAINABILITY CONCERNS

In the territories of Georgia and Armenia, wastewaters containing hazardous substances such
as chemical dyes, oil products, phenols, ammonium nitrogen etc. are discharged without any
substantial treatment into Kur and Araz rivers, which are the two main recharge sources of
groundwater in Azerbaijan. While crossing the borders of Azerbaijan, these rivers already con-
tain contaminants in volumes beyond admissible norms.

Contamination is enhanced in the territory of Azerbaijan by agricultural pollutants and waste-
water from industrial premises and cattle farms (Alekperov et al., 2006).

The main reason of such situation in these two rivers is the lack of effective drainage systems,
treatment facilities and technical insufficiency of existing plants in most towns and settlements.

In huge parts of the lowland, subsoil and aeration zones are exposed to natural pollution and
salinisation in the range from 0.25% to 1-2%. Local pollution of subsoil and aeration zones with
organic and mineral fertilizers can be observed in irrigable lands and nearby fertilizer storages.
Lands around oil fields and industrial premises are also considered vulnerable in terms of con-
tamination of subsoil and aeration zones by petroleum products and chemical agents. Ground-
waters in the territory of the country are not exposed to regional pollution. Locally observed
pollutions include chemical and bacteriological pollutions originating from domestic, industrial
and agricultural sources. No pollution of confined groundwater has been witnessed.

It is considered necessary to survey recharge conditions, hydrochemical and bacteriological
contents of groundwaters influenced by rivers; to develop diagrams for integrated use of water;
and identify possible ways of avoiding pollution and ensuring the quality sustainability.
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Any kind of human activity, whether the use of water or other use of underground space, is
considered as processes that proceed in a certain sequence of conditions of hydrogeological
systems (HGS). The system condition and its structure are identified by functions of its compo-
nents and are generated by connections within the system and outside it. The system condition
is determined by its potential (a set of parametrized and non-parametrized properties). On the
basis of studying laws of development and evolution of hydrosphere there should be a regula-
tion of anthropogenous influence on ground and superficial water resources for the purpose of
preservation of natural and natural-anthropogenous systems stability. Theoretical foundations
of HGS stability, methods of estimating of parameters on a basis of mass flows of matter were
considered. It defines such important characteristic as margin of HGS stability. Evolution (or
path dependency) of HGS is defined by variations of a margin stability, and their elasticity — by
the degree of reaction to external influence. Variations of atmospheric precipitation and change
of the formation environment of underground water are considered as such influences. By the
example of the lake Baikal basin there was considered the influence of a complex of factors on a
margin stability of HGS which is calculated for the basic catchment basins. Territories with the
most and least stability were found out and their mapping was realized. The most stable HGS
are forming at high altitudes with the increased values of the water exchange. However the
value of stability is not always coincide with geoecological well-being of allocated systems. The
stability formation in rock masses and intermountain area is considered as an example. The
offered types of stability can be a basis for calculation and compilation of a series of applied
maps.
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Groundwater was the main source for public supply in the Algarve, in the south of Portugal,
until the end of the 20th century, after which it was replaced by surface water supplied by large
reservoirs. The large drought that hit the region in 2004 and 2005, revealed the problems re-
lated to a water supply strategy based on a single source and stressed the need of an integrated
water resource management (IWRM) scheme. A qualitative and quantitative screening of
groundwater sources for integration into the public water supply system of the region has been
performed (Stigter et al,, 2009a). Current work aims to address the regional quantification of
groundwater availability and exploitation sustainability, as well as their dependence on factors
such as the spatial and temporal distribution of recharge, aquifer heterogeneity and the location
of the pumping wells. This is done using numerical modeling.

Currently 17 aquifer systems are described in the Algarve region, mainly supported by Jurassic,
Miocene and Quaternary formations, covering an area of 1,074 km? in the coastal Mesocenozoic
strip. The most productive aquifers are built up of karstified limestones and dolomites. The
mean yearly groundwater recharge is estimated to be 216 million m3, of which 50% is currently
consumed. Crop irrigation is by far the largest consumer (80%). The total storage of the 17
aquifer systems is not known precisely, but is believed to be more than 50 times that of the sur-
face reservoirs, including the large Odelouca reservoir, yet to be completed. The key question is
what fraction of groundwater storage is exploitable, both on a short-term (i.e. yearly) and long-
term basis.

Based on aquifer characteristics, well yields and water quality, six aquifers are considered most
relevant for public water supply. Due to its large area, significant recharge and high productivi-
ty, the Querenca-Silves aquifer system constitutes the most important groundwater reservoir in
the Algarve Region. The main outlets of the aquifer are springs where important surface/
groundwater ecotones and dependent ecosystems have developed. Overexploitation of this
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aquifer, as well as the other relevant aquifers, could lead to wetland desiccation, as well as sea-
water intrusion near the coast. Climate change is expected to increase this problem, due to a
combination of rising sea levels and lower recharge rates (Giorgi, 2006; Santos, Miranda, 2006).
The climate scenarios and related consequences for groundwater recharge are currently being
studied in the scope of the CIRCLE-Med project CLIMWAT (Stigter et al.,, 2009b), using regional
climate model (RCM) data from the PRUDENCE and ENSEMBLES projects.

The concept of sustainable yield is studied for the public water supply aquifer systems of the
Algarve, by analyzing different groundwater recharge/capture/discharge scenarios. Capture is
defined as the sum of the increase in recharge and decrease in discharge (Lohman et al.,, 1972),
caused by abstractions due to pumping. During (temporary) overexploitation, an important
additional pumping volume is supplied by removal of water in storage. In semi-arid regions
such as the Algarve, the increase in recharge from fresh surface water due to pumping is gener-
ally negligible, so that capture solely results in a decrease of groundwater discharge and a re-
moval of water in storage. Initially the analysis is performed for the Querenga-Silves aquifer
system, and results are compared with finite element numerical modeling results. Subsequently
the analysis is performed jointly for the six public supply aquifers. A period of six (hydrological)
years is considered, starting in October 2001, when the surface water supply system was fully
operational and groundwater consumption was comparable to the present-day situation. The
hypothetical evolution of aquifer storage is calculated for different discharge scenarios and
compared to observed piezometric records.
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TEN YEARS OF GROUNDWATER EXPLORATION AND DEVELOPMENT
IN THE CARIBBEAN ISLANDS
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This paper reports on the sustainable development of groundwater supplies in deep volcanic
aquifers on three Caribbean islands utilizing an integrated multi-disciplinary exploration pro-
gram. For 10 years over 20 million imperial gallons per day has been developed by the author
and his teams on seven Caribbean islands using this approach. Past attempts at developing
groundwater on the islands using minimal field exploration were marginal, leading the island
water authorities to assume that only desalination could solve their water supply shortages.
Case studies of the exploration results in Tobago, Antigua and Nevis will be presented. These
islands are primarily volcanic in origin, highly vegetated, have incomplete geological mapping,
sparse fresh outcrops and minimal sources of hydrological data. Therefore remote sensing, GIS
integration, recharge analysis, geological mapping and extensive geophysical surveying was
critical in developing a sound conceptual hydrogeological model for each island.

Tobago is composed of 100 million old volcanic and meta-sedimentary rocks originating in
Central America and transported along the Caribbean plate boundary in the southern Lesser
Antilles island arc which is a very different origin than the other islands of this arc. Remote
sensing and geological mapping indicated that the most likely targets for large aquifers would
be fracture and fault zones in the crystalline volcanic and sedimentary rocks enhanced by the
tectonic activity rather than in rocks with primary permeability. Annual precipitation ranges
from 1500 mm up to 2500 mm in the higher elevations. A hydrogeological map and recharge
analysis of the island was developed and favorable zones for geophysical exploration were
mapped. The geophysical techniques that were selected included those that are effective in
delineating fracture zones such as VLF electromagnetic, magnetic, micro-gravity and resistivity
surveys. Prior to this program, no wells had ever been drilled into the bedrock aquifers. As a
result of these surveys seven production wells were drilled in large fault and fracture systems
and four million gallons per day of excellent quality groundwater (up to 0.8 migd per well) were
developed.

Antigua is considerably younger than Tobago (28 to 33 my) and is part of the eastern volcani-
cally inactive island arc. The geology varies from mafic consolidated volcanoclastic rocks and
lava flows in the west and younger shale and limestone deposits overlying the volcanic rocks in
the east. An exploration program was conducted that focused on developing groundwater in the
volcanic portion of the island in fault and fracture zones. The annual precipitation is considera-
bly lower than Tobago, with an average of between 900 to 1400 mm. Over 20 wells were drilled
into fractured bedrock aquifers with the most productive well, in an area of high rainfall, yield-
ing about 250 igpm with a surprisingly high total dissolved solid (TDS) content of 1700 mg/1.
Most of the other wells drilled also had high TDS concentrations between 1500 and 3000 mg/1.
These very high TDS concentrations can be explained by the following factors: relatively low
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rainfall, high influx of salt from “dry fallout” due to the physiography of the island, soils and
bedrock with a low permeability, and high groundwater evapotranspiration rate because of
shallow groundwater tables. While large supplies of fresh groundwater apparently do not exist
in the volcanic rock, we estimate that between 2.0 and 4.0 imgd of brackish water could be
developed, representing an opportunity to substantially reduce desalination costs.

The island of Nevis, part of the volcanically active island arc, is the youngest of the three islands
with the age of the volcanic rocks ranging from 4 million to only 100,000 years. The young age
of the rocks dictates a completely different exploration approach than the other islands. Precipi-
tation is similar to Tobago, ranging from 900 mm to 3000 mm. The island is mainly composed of
loosely consolidated highly permeable reworked volcanic deposits which do not support a
significant amount of fracturing. Consequently the major aquifers are expected to be primary
volcanic formations such as buried alluvial channels and lava flows requiring geophysical tech-
niques capable of penetrating to great depths. The preferred technique applied was Controlled
Source Audio-Magneto Tellurics (CSAMT) which has the capability of providing a resistivity
profile to depths of up to 1000 meters. Thousands of meters of CSAMT geophysical profiles
were run throughout the island to identify the optimum locations for high yield wells. Four test
wells and three production wells, each capable of producing about 0.5 migd with a TDS content
of 250 mg/1 or less were drilled.

In summary, the knowledge and experience gained from these projects resulted in the devel-
opment of a unique perspective that can be applied when evaluating new island environments.

Krakow, Poland 2010

27



28

1. Groundwater quality sustainability

Abstract ID: 401
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Monthly baseflow values in majority of hydrogeologic regions are reported yearly by CHMI in
accordance with Water Framework Directive (WFD). Information on low flow characteristics is
required for such water resource management issues as water supply, irrigation, and water
quality and quantity estimates. Contemporary development on recession analysis tends to work
out automatic and objective methods, which eliminate some of the subjective elements of reces-
sion analysis.

Lyne and Hollick (1979) appear to have been the first to suggest the use of a digital filter that
allows partitioning the stream flow into two components, direct runoff and baseflow They uti-
lized the theory of signal analysis and filtering by which electrical signal can be separated into
signals of different frequency. The Lyne-Hollick algorithm was used by Nathan and McMahon
(1990) and Arnold and Allen (1999), for instance. Chapman and Maxwell (1996) further im-
proved and simplified the filter equation. Then, Eckhardt (2005) has developed the extended
two parametric filter algorithm constructed under the assumption that the outflow from an
aquifer is linearly proportional to its storage:

b = (1—BFImax)abi71 +(1—H)BFIma)§yi (1)
' 1—aBFImax

subject to bk < yk, where a denotes filter parameter and BFImax maximum baseflow index.

Eckhardt’s filter among several others has been tested on a set of 206 gauging stations managed
by CHMI in the period 1971-2003 in daily time step. The filter parameter a can be expressed as
the recession constant of depletion curve. Therefore, it can be objectively derived by recession
analysis during dry-weather periods. For this purpose, the recess program has been developed.
The recession is considered to start 10th day after the peak flow and should last at least 30
days. The length of recession period is limited to 60 days. It can be recommended to smooth the
stream flow records prior performing the recession analysis. The filter parameter BFImax is the
maximum rate of baseflow to total stream flow. According to our experience BFImax can be de-
rived by manual calibration with a values already known. The comparison of calibrated BFImax
values with hydrogeological maps reveals the very good fit with catchment lithology giving
BFImax higher (0.7-0.85) in sandstone basin aquifers and lower in low permeable aquifers in
crystalline rocks (0.25-0.4). 30 gauges out of the whole set have been compared with the re-
sults obtained with the commonly used kliner-knéZek separation method where the baseflow is
forced by corresponding borehole level or spring yield measurement (Kliner, Knézek, 1974).
The monthly baseflow mostly differs up to 10% (often to 5%) relatively to total discharge.
Higher differences have been registered in stations where corresponding borehole or spring
measurement is inadequate for a range of reasons. The regionalization of baseflow has been
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conducted under the assumption of regression between specific baseflow and long-term preci-
pitation for particular geological conditions. These are represented by hydrogeological regions
that share common lithology, i.e. they are built on gravel and sand, crystalline rock, limestone,
sandstone, siltstone, slate, granite or mudstone. The regression model performs quite well even
on monthly time scale for crystalline rocks or granites (explained variance of 70-90%) and
relatively poor for sandstone group of hydrogeological regions. It's not surprising owing to high
storage capacity and variable ground water gradients that are characteristic for sedimentary
cretaceous formations and eliminates the role of precipitation.
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The groundwater system of the Benesov and Usti nad Labem area in the Bohemian Cretaceous
Basin (Czech Republic), taking up around 2000 square kilometers, is more or less a closed hy-
drogeological unit with a relatively easily definable boundary. The largest thermal water accu-
mulation known so far in the Czech Republic with temperatures often exceeding 30 degrees
centigrade and in some spots approaching 40 degrees centigrade can be found in the volumin-
ous and spacious Cretaceous aquifers (Hercik et al., 1999). Exploitation of these thermal waters
has thus far been concentrated in the Usti nad Labem and Decin regions (Datel, Krasny, 2005).

Thermal water of Usti nad Labem and Decin areas had not been known in the past. Therefore,
before deep boreholes have helped discover the thermal water resources, the whole area of
thermal waters known now represented a hydrogeological structure with very slowly flowing,
almost stagnating groundwater. Exploiting the resources has made the groundwater flow signif-
icantly faster. Even though the area of interest belongs to zones of increased heat flux in the
deeper parts of the earth’s crust, the question arises whether sufficient heating of these waters
will occur with the current accelerated groundwater flow and whether in the future the tem-
perature of the thermal water resources will not fall. It is important to bear in mind that the
thermal waters have been exploited for a relatively short period of time — for approximately
one century. This period is too short considering the pace of the hydrogeological processes, so
no substantial negative consequences of the exploitation can be expected. With continuing or
even increasing exploitation of the resources, however, falling temperature and possible quality
changes cannot be excluded in the future.

The conceptual model, as the first step necessary for a numerical model (groundwater and heat
flow), was based on all the available information that could be collected (Datel et al., 2009;
Hercik et al.,, 1999). Limiting factors for the use of thermal waters consist both in the balance of
the amount of water in the structure and also the balance of the amount of heat flowing into the
structure.

MAIN CONCLUSIONS

B The framework balance was calculated for the basal and main Cretaceous aquifers (where
thermal waters are located) of the defined area and yielded the maximum sustainable
yields of natural thermal waters in the drainage areas — 40-45 1s1 in the Usti area and
250-3001s1 in the Decin area (Datel, 2008). Because of the lack of precision in the calcula-
tion, these are approximate values that, however, do not differ from estimates to date and
practical experience in the utilization of thermal waters and are in accordance with first
outputs from numerical models (Uhlik et al., 2010).
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B The main drainage sites for the whole structure were defined - in addition to the Usti and
Decin areas, the Kamenice area and the Litomerice area are important drainage areas.

B Data on the occurrence of tectonics and their hydrogeological function were collected and
newly evaluated, 8 detailed hydrogeological cross-sections were constructed.

B On the basis of data from new boreholes, data on the thickness of the aquifers, depths of
important geological boundaries, basic hydraulic parameters (K, T) and the piezometric
contours of aquifers were updated and regionalized.

B Analysis of the piezometric contours of aquifers indicated areas with the greatest potential
for vertical groundwater flow.
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The assessment of the chemical status of Hungarian groundwater quality is based on the data
from the Hungarian WFD monitoring wells as well as the medians of available and reliable
national data sources. An evaluation of organic compounds is based on data from the Hungarian
WEFD monitoring wells, also taking into account data collected between 1996 and 2007 from
local monitoring objects (wells, springs). Firstly the natural background levels were defined,
and then different threshold values were established. The methodology to evaluate the status of
the groundwater bodies is based on the Guidance on Groundwater Status and Trend Assess-
ment of the WGC-2 workgroup (Grath, Ward, 2008), and involved 5 specific tests.

EVALUATION OF THE RISK OF EXCEEDING THE THRESHOLD VALUES

The exceedance was checked at the monitoring sites according to three standard criteria. Based
on the evaluation of the results of this test — exceedance which may cause risk to any DWPA —
13 groundwater bodies were determined to have a poor chemical status. In most of the cases
the pollutant is nitrate, but in some cases ammonia and chlorinated hydrocarbons can also
result in poor status. Other pollutants such as sulphate or triazine, are minor compared to the
above mentioned parameters, and would not result in water quality changes requiring technol-
ogical intervention.

GENERAL ASSESSMENT OF THE CHEMICAL STATUS OF THE GROUNDWATER BODY
AS A WHOLE; DIFFUSE POLLUTION

The diffuse pollution status of groundwater bodies was evaluated based mainly on the nitrate
content data of 32000 wells and springs. Groundwater bodies where the percentage of objects
exceeding the threshold value for nitrate was >20%, were defined as nitrate polluted, a total of
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30 bodies of 185. All of them are shallow (less than 20-30 m deep), karst or hilly groundwater
bodies. Nitrate pollution occurs in less than 20% of deeper groundwater bodies, since these
groundwater resources are very old and well protected. Shallow groundwater on the Western
part of Hungary (Transdanubia) is more polluted than in other areas due to more intensive
agricultural activity. The agronomic type N balance (OECD) for 2007 of the arable and orchard
lands of Transdanubia is +20 kgN/ha in contrast of the 6 kgN /ha for the Great Hungarian Plain.
The ammonium content of groundwater is generally high (up to 10-20 mg/1), found predomi-
nantly in the old, well protected, deep groundwater. Conceptional models and environmental
isotopes prove that the main part of ammonium originates from natural processes occurring in
the aquifers.

Significant reduction in the chemical and ecological quality of associated surface waters due to
transfer of pollutants from the groundwater body

This test was carried out at those surface water bodies where the poor status of the surface
water could not be explained by other pollution sources. In practice this meant the nitrate con-
centration had to be examined in detail. Out of a total number of 28 surface bodies, 22 showed
the effects of water quality reduction which could possibly be attributed to the transfer of pollu-
tants from the groundwater. Most of these cases are in the Trans-Danubian region. Based on
this test, 10 groundwater bodies were assigned a poor chemical status.

The detailed evaluation of significant damage to groundwater dependent terrestrial ecosystems
(GWDTE) due to transfer of pollutants from the groundwater body is in progress. A lack of
sufficient data meant that the chemical status of the groundwater bodies could not be evaluated
by this test.

INTRUSION TEST

The intrusion test was carried out at those localities where it is considered that direct or indi-
rect water exploitation may cause chemical or temperature changes in the groundwater regime,
due to changes in the flow paths. Over-exploited parts of the deep groundwater in porous
groundwater bodies show a slight intrusion of shallow groundwater, but this does not present
problems on the level of the groundwater body. The chemical composition of thermal waters
did not change to such an extent that they would have required technological intervention or
that their usage should have been stopped. None of the groundwater bodies were shown to
have poor chemical status on the basis of this test.

RESULTS OF THE CHEMICAL STATUS ASSESSMENT OF GROUNDWATER BODIES

Out of the 185 groundwater bodies evaluated in Hungary, 38 are shown to have poor chemical
status, and based on a trend assessment, another 5 groundwater bodies are considered to be at
risk. Most of the groundwater bodies with a poor status are shallow ones. Their poor chemical
state is mainly the result of a diffuse pollution load from unregulated agricultural activity. Four
karst, two porous, and one mountainous groundwater bodies have a poor chemical status. All of
the karstic thermal and porous thermal groundwater bodies have a good chemical status.
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THE DEVELOPMENT OF A GROUNDWATER QUALITY INDEX
FOR THE NIGER DELTA REGION, NIGERIA
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An assessment of groundwater quality of the Niger Delta Region was studied. Six parameters
namely: static water level (SWL), total dissolved solids (TDS), pH, chloride (CI-), sulphate
(SO42-) and nitrate (NO3-) were considered to compute a groundwater quality index. Findings
highlighted the deterioration of groundwater mainly due to seawater intrusion in the coastal
part of the Niger Delta.
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Tordera’s Delta is a tiny alluvial aquifer close to Barcelona city, in Catalonia, NE Spain (Fig. 1). It
is subject to problems similar to other Mediterranean coastal aquifers.
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Figure 2. Electrical conductivity evolution at three points in Tordera’s Delta (1997-2005).

Between 1997 and 2000, marine intrusion affected seriously the aquifer, reaching in 2002 chlo-
ride concentration as high as 2,500 ppm 2.5 km inland and peak electrical conductivities of
14,000 uS/cm (Fig. 2). This is why the Catalan Agency of Water (the Agency), which is the organ-

Krakow, Poland 2010 35



36

1. Groundwater quality sustainability

ism responsible of water resources management and planning in the Inner Catalan Basin (NE
Spain), decided to (1) build a seawater treatment plant capable of producing 10-106 m3/yr of
drinkable water, in order to reduce groundwater extraction, and (2) develop a groundwater
flow and transport numerical model for management purposes.

The original model (year 2002) did not include a transport calibration. The updated model,
finished by the end of 2009, is based on a more elaborated conceptual model (including new
data on geology, recharge, heads and measured concentrations) and has been calibrated with
regard to chloride concentrations. This has resulted in significant differences concerning the
new simulated scenarios, mainly when higher pumping strategies are compared (Tab. 1).

Table 1. Comparison between de 2002 and the 2009 Tordera’s Delta model (1 and 2).

CALIBRATE
+ + +
CALIBRATE FLUX TRANSPORT PUMPING + 2 Hm3/a| PUMPING + 4 Hm3/a| PUMPING + 6 Hm3/a
MODEL 1 Y N VIABLE VIABLE UNVIABLE
MODEL 2 Y Y VIABLE UNVIABLE UNVIABLE

Model 1 only showed small piezometric head variations (-0.5 m) in wells close to the shoreline
when pumping was increased by 4:10¢ m3/a. On contrary, the new model 2 yields chloride
concentration increased by a 2-3 factor. This also allows assessing other alternatives: if current
abstraction increased by 6-10¢ m3/a but an adequate managed recharge scheme was adopted,
then it would be possible to preserve groundwater quality even in wells near to the coast (three
options have been simulated, Fig. 3).
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Figure 3. The new model allows to analyze more complicated scenarios, such as the best choice for artificial
recharge facilities.

Numerical modelling is a key to achieve the Water Framework Directive goals and, at the same
time, to meet the needs of water users. This is definitely the case of coastal aquifers, provided
that the conceptual model is right and that both flow and transport are properly calibrated. This
explains why the improved model 2 is far more robust than the original one and can be wisely
used for integrated water resources management needs: nowadays, Tordera’s Delta aquifer has
recovered good groundwater quality and the saltwater treatment plant is being extended so
that it will be exporting potable water in the near future — a scenario that was unlikely in year
2002, before efficient actions were undertaken by the Agency.
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GROUNDWATER SUPPLY DETERIORATION DUE TO AN UPCONING PROCESS
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Groundwaters are of fundamental importance at Esperanza town, Santa Fe province, Argentine
Republic (Fig. 1), since there is no other water supply to satisfy all local and regional demands.
The exploited aquifer is lodged in a sandy sequence of fluvial origin with good quality water.
Loess and clayey silt deposits, having in depth aquitard behaviour, overlie these sands. These
deposits lodge water of variable quality with fluoride and arsenic presence.
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Figure 1. Location of the study area.

Grey sands and green clays of marine origin underlie the fluvial sands (Fig. 2). The aquifer has
been intensively exploited since the beginning of the 70’s. As a result of this abstraction and its
exploitation scheme, in several pumping wells groundwater levels decreased and its quality had
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a progressive deterioration. In these wells, the increment of chloride and sulphate was due to
an upconing process. The areas affected by this salt water rising were identified taking into
account: the conceptual model previously defined and the space-time evolution analysis of the
hydrodynamic and hydrochemical conditions. The salt water volume that could have entered
the fresh groundwater system was quantified by mathematical modelling. The studies that have
been carried out allow obtaining the proper system knowledge in order to adequate the man-
agement model guaranteeing the protection of the water supply.
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Figure 2. Hydrogeologic model (by: Tujchneider etal., 2004).
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INTEGRATED WATER RESOURCES MANAGEMENT:
FROM MONITORING TO ECO-STRATEGIC INITIATIVES
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Act locally, plan and interact globally. The sustainable and responsible management of the Wa-
ter Resources is the baseline for Nestlé Waters business. Effectively, despite each site and each
water source are particular, the overall approach towards groundwater survey is going through
the following steps:

B Hydrogeological investigations to fully understand how the aquifer systems are functioning
from the recharge area to the catchments, leading ideally to a schematic conceptual model.

B Efficient monitoring system (production wells and piezometers) to ensure full overview of
the Water Resources’ status in terms of quantity and quality.

B Vulnerability study with proper risks assessment and water balance to help preserving the
Water Resources over the long term in an efficient and proactive way.

B Definition and triggering of strategic projects aiming to reduce as much as possible the
potential threats that might have been identified against the environment and the ground-
water in particular (i.e. agricultural practices, land use, flooding).

The groundwater management cannot be separated from the global water cycle. For this rea-
son, where it is needed, the approach intends to stimulate and to coordinate at the level of the
whole recharge area, a number of preventive eco-strategic initiatives. The objective is to har-
monize the economic development on the one hand, and the sustainable preservation of the
environmental resources on the other side (i.e. biogas, phytoremediation, biodiversity). The
Group is convinced that Sustainable Management is simultaneously an excellent opportunity for
local economic development, by creation of “Shared Value” with the local Stakeholders that
want to collaborate over the long term.

You only can manage what you can measure, this is also true for the groundwater, reason why
Nestlé Waters developed an interactive tool to monitor closely each of its water source. For all
of them, withdrawals, instantaneous discharge, temperature, conductivity, dynamic water levels
and rainfalls are monitored continuously or on a daily basis, while other parameters like static
water levels in relevant piezometers and turbidity are also monitored on a regular basis. On top
of that, a quality monitoring system (chemistry and microbiology) is carried out from the water
sources to the filling machines, including water transportation via pipes, water storage tanks
and water treatment processes.

The key data provided by each industrial site is then regularly processed and reviewed by the
Zone Water Resources Manager. This Hydrogeologist is then consolidating and organising these
important figures on a centralised server. From there, just like an intranet site, all the Markets
have always access to the most updated water resources databank, including relevant maps,
pictures and documents through Google Earth.

Krakow, Poland 2010

39



40

1. Groundwater quality sustainability
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Because there is no reservoir in Changhua area, all the source of water requirement comes from
the groundwater. However, the groundwater here is not enough that needs other water supply
from Feng-yuan and Lin-nei. In the recent years, several areas near the coast in Changhua are
set to be the groundwater restricted areas that the groundwater yield is limited.

In the present study, the hydrological numerical model was built to simulate the groundwater
system by the MODFLOW code. To calibrating the numerical model by groundwater level to fit
the field conditions, there were limits including yield in each area; location of pumping wells;
limit of groundwater restricted areas; water requirement and deployment of water pipe net-
work. The MODMAN code was introduced to construct the response matrix, and the code, LIN-
DO, was used to estimate the best water supply system in management and redeployment
among Changhua area.

The results showed that the management cases are set with 3 limits of water level and 4 sys-
tems of supplied surface water. The best one among 12 cases is the combined water supplies
from Feng-yuan, Lin-nei, Kuai-guan and Jhu-tang under the limit of groundwater with the safe
groundwater level. The reduction of pumping was about 7.06x10* tons/day, which resulted in
the increment range of groundwater level from 1.98 to 5.84 m.
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Abstract ID: 119
ARSENIC IN GROUNDWATER IN WESTERN ANATOLIA, TURKEY: A REVIEW
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Occurrence of arsenic (As) in groundwater has been a major problem worldwide for the last
hundred years. Considering its toxic effects on human health, presence of elevated levels of
arsenic in groundwater resources used in drinking water supply has been an active research
field throughout the world. In this regard, case studies from Bangladesh, India, Nepal, El Salva-
dor, Ecuador, Honduras, Mexico, Chile, China, Canada, Argentina, Peru, Taiwan, United States,
Bolivia and Turkey have been documented with regards to the detection of natural levels in
groundwater, the occurrence and distribution mechanisms, human health effects and in-situ
and ex-situ treatment techniques. In many of these locations, arsenic is naturally found in the
subsurface strata within volcanic and sedimentary formations as well as in areas of geothermal
systems related to tectonic activity.

Western Anatolia in Turkey is one such area of complex geology with active tectonics and high
geothermal potential. This natural setting serves as a suitable environment for the presence of
high levels of arsenic in subsurface waters. In this regard, high arsenic concentrations in
groundwater have been detected in many provinces of Western Anatolia including but not
limited to Izmir, Kutahya, Canakkale, Afyon, Manisa, Aydin and Denizli with values ranging from
20 to 560 ppb in groundwater much exceeding the national and international drinking water
quality criteria of 10 ppb. On the other hand, levels in geothermal fluid are about three times
higher than the corresponding levels in groundwater. Considering the potential of contamina-
tion of regional groundwater reserves with geothermal fluid, levels in hot waters of Western
Anatolia demonstrate additional problems. Based on these fundamentals, this study discusses
the potential sources and levels of arsenic in water resources of the region with particular em-
phasis on local geologic and tectonic properties of Western Anatolian Plate.
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AN APPLICATION OF CLUSTER ANALYSIS AND MULTIVARIATE
CLASSIFICATION METHODS TO EVALUATE SPATIAL CHARACTERIZATION
OF GROUNDWATER CHEMISTRY IN SOUTHEASTERN OF TUNISIA:

A CASE STUDY OF JEFFARA OF MEDENINE
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The Southeastern of Tunisia depends entirely on groundwater for domestic and agricultural use
(Romangey and Guillaume, 2004). The Jeffara of Medenine aquifer system, which represents the
unique resource of water for the region (Medenine, Jerba, Zarzis and Jorf cities), is represented
by three main aquifers namely, from the top to the bottom: the Miocene (Jorf-]Jerba-Zarzis), the
Jurassic (Zeuss-Koutine) and the Triassic (Sahel El Abebssa). Sampling surveys were underta-
ken in January 2004 from 46 wells. 11 variables (temperature, pH, Total Dissolved Solids (TDS),
Na*, CI,, Ca2*, Mg?*+, SO42-, K*, HCO3-, and F-) of water samples were measured and analyzed.

In this study, hydrogeologic and hydrochemical information from the Jeffara of Medenine
groundwater system were integrated and used to determine the main factors and mechanisms
controlling the chemistry of groundwaters in the area (Fig. 1).
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Figure 1. Location and geologic map of the study area.
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The large number of data can lead to difficulties in the integration, interpretation and represen-
tation of the results. Two multivariate statistical methods, hierarchical cluster analysis (HCA)
and principal components analysis (PCA), were applied to analyze the similarities or dissimilar-
ities among the sampling sites (Ragno et al., 2007; Cloutier et al., 2008; Templ et al., 2008) to
identify spatial variations in water quality, with the objective of defining the main controls on
the groundwater hydrochemistry.

The main processes iffluencing the groundwater chemistry in the jeffara of Medenine aquifer
system are salinisation, mineral precipitation and dissolution, cation exchange and human activity.

Cluster analysis based on major ion contents defined 3 main chemical water types, reflecting
different hydrochemical processes (Fig. 2). So, three geochemically distinct clusters, C1-C3,
resulted from the HCA. Samples from cluster C1 are mostly located in preferential recharge
areas and have low salinity. The majority of these samples have Ca-SO4. Samples from the other
two clusters (C2, C3) are characteristic of an aquifer system under confined conditions. The
majority of these samples have Na-Ca-Cl-SO4 evolved groundwater.
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Figure 2. Dendrogram of Q-mode cluster analysis (Ward’s linkage method and squared Euclidean distances).

In addition to recognizing the importance of hydrogeological conditions on groundwater geo-
chemistry, the distribution of clusters also showed the importance of the geological formations
and hydrodynamic conditions. Results obtained from principal component analyses (PCA) indi-
cate that the variables responsible for water quality composition are mainly related to soluble
salts species (Na*, Cl-, Ca2*, Mg2+, SO42 and K*).

REFERENCES

Cloutier V., Lefebvre R., Therrien R., Savard M.M., 2008: Multivariate statistical analysis of geo-
chemical data as indicative of the hydro-geochemical evolution of groundwater in a sedimentary
rock aquifer system. Journal of Hydrology 353, 294-313.

Romagny B., Guillaume H., 2004: L'accés a I'eau potable dans la Jeffara tunisienne: contradictions
et nouvelles perspectives. La houille blanche, 4, 52-59.

Ragno G., De Luca M,, loele G. 2007: An application of cluster analysis and multivariate classifica-
tion methods to spring water monitoring data. Microchemical Journal 87, 119-127.

Templ M., Filzmoser P., Reimann C., 2008: Cluster analysis applied to regional geochemical data:
Problems and possibilities. Applied Geochemistry 23, 2198-2213.

Krakow, Poland 2010

45



46

1. Groundwater quality sustainability
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The aim of this paper is to reconstruct a lithostratigraphical 3D model of a pyroclastic-alluvial
aquifer and to define the extent of the nitrate contamination and to identify the possible sources
of this pollution.

The sample areas (about 170 km?) is located in the Garigliano River basin (southern Italy) and
the main aquifer is affected by strong nitrate groundwater contamination.

The stratigraphical reconstruction of the study areas has been obtained by interpolating strati-
graphical data from 80 boreholes. They have been first analyzed and codified in the light of the
aim of this work. The software used for the lithostratigraphical model creation is ROCK-
WORKS 2006, which allows the reconstruction of a 3D model for three-dimensional or bidimen-
sional representation. The reconstruction allowed to identify the main aquifer in the thick allu-
vial and marine clastic sediments.

The piezometric pattern (defined by the piezometric surface monitoring) shows the groundwa-
ter flow directed toward the sea and the Garigliano river.

The hydrogeochemical sampling was conducted in more than 60 wells. NO3 is the most perva-
sive contaminant widely exceeding drinking-water quality guidelines. Finally, to discriminate
nitrate sources in groundwater, thematic maps of the Garigliano plain were drawn up: The
SINTACS Map (Civita, De Maio, 2000), which assesses the aquifer contamination vulnerability
and the IPNOA Map (Padovani, Trevisan, 2002), which assesses the potential hazard of nitrate
contamination originating from agriculture on a regional scale.

The Potential Agricultural Nitrate Contamination Risk Map, obtained by multiplying hazard and
vulnerability, presents a good spatial correlation with the nitrate content of the aquifer high-
lighting the sectors most affected by nitrates and supporting the identification of the source of
nitrate contamination. This suggests that the source of the groundwater nitrate is chiefly re-
lated to intensive cropping or livestock.

Moreover, this paper highlights the great advantage of using a 3D model of the subsoil of a allu-
vial plain (Garigliano basin) and the substantial results that can be achieved.
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Groundwater is the most important and valuable source of drinking water in Slovenia, and
alluvial aquifers contribute a vital part to the dynamic reserves of all Slovene groundwater.
More than one third of the alluvial groundwater in Slovenia has poor chemical status, most
frequently due to a high concentration of nitrate. The Lower Savinja Valley alluvial aquifer
(79 km?) in central part of Slovenia with important regional water resources and high pollution
pressures due to agriculture (50.4% of the area) and urbanization (34.0% of the area) was
selected as a case study for experimental field-verified groundwater nitrate vulnerability map-
ping. A spatially explicit identification of the potentially vulnerable priority areas within
groundwater bodies is being required for cost-effective measures and monitoring planning.

The shallow Lower Savinja Valley unconfined aquifer system consists of high permeable Holo-
cene and middle to low permeable Pleistocene gravel and sand with a maximum thickness of
about 30 meters, mainly covered by shallow eutric fluvisoils or variously deep eutric cambisoil.
The hydrogeological parameters, e.g., the depth to the groundwater, hydrological role of the
topographic slope etc., usually used in different point count schemes are in the case of the low-
land aquifer and shallow groundwater spatially very uniform with low variability. Furthermore,
the parametric point count methods are generally not able to illustrate and analyze important
physical processes and validation of the results is difficult and expensive. Instead of a parame-
tric point count scheme, we experimentally used the Arc-WofE extension for weights-of-
evidence modeling (Kemp et al.,, 1999), considering recent studies from northern Italy (Masetti
etal, 2007). All measurement locations with a concentration higher than the threshold value of
20 mg NOs per litre of groundwater have been considered as training points (179) and the
three process-based model generalized output layers of groundwater recharge (GROWA),
groundwater flow velocity (FEFLOW) and nitrate leached from the soil profile (SWAT) served
as evidential themes. The technique is based on the Bayesian idea of the phenomena occur-
rences probability before (prior probability) and after consideration of any evidential themes
(posterior probability), which were measured by positive and negative weights as an indication
of the association between a phenomena and a prediction pattern. The response theme values
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describe the relative probability that a 100x100 metre spatial unit will have a groundwater
nitrate concentration higher than the training points threshold values with regard to prior
probability value 0.0018 (Fig. 1).
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Figure 1. Posterior probability map of groundwater nitrate occurrence in the Lower Savinja Valley aquifer.

The lowest probability of groundwater nitrate occurrence is in the parts of the Lower Savinja
Valley aquifer, which are known as anoxic condition areas with very likely denitrification
processes. The cross-validation of the dissolved oxygen and dissolved nitrate response theme
confirmed the accuracy of the groundwater nitrate prediction. The weights-of-evidence model
results very clearly indicate regional groundwater nitrate distribution and enable spatial pre-
diction of the probability for increased groundwater nitrate concentration in order to plan the
groundwater nitrate reduction measures and optimize the programme for monitoring the ef-
fects of these measures.
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Abstract ID: 283
WELLHEAD PROTECTION AGAINST DIFFUSE POLLUTION AT CATCHMENT SCALE

Jean-Francois Vernoux
BRGM, France, jf.vernoux@brgm.fr

Nicolas Surdyk
BRGM, France, n.surdyk@brgm.fr

Keywords: groundwater pollution, catchment area, vulnerability, wellhead protection

Solutions such as agri-environmental measures, land management, afforestation and grasslands
are used to protect underground water, especially when used for human water supply, against
persistent chemical contaminants, such as nitrates and pesticides. The cost of such measures,
which can be very important if considering the whole groundwater catchment area, requires
having a specific and optimized approach based on the identification of areas where the actions
will be the more efficient. A methodology was developed in order to delineate such protection
areas and action plans according to the type of aquifers present in France: alluvial, sedimentary
(karstic or non karstic), basement (Vernoux et al., 2008).

The methodology was applied to the study of 24 wellheads located about 50 km south-west of
Paris. The aim of the study was to delineate the catchment zone for each wellhead, to map aqui-
fer vulnerability, to identify pressures and to propose action plans to reduce pollution, especial-
ly diffuse pollution. The aquifer is made up of Fontainebleau sandstone et cretaceous chalk. Ten
catchment areas were defined and the vulnerability was assessed from a continuous aquifer
approach. The crossing between vulnerability and pressures gives maps of risk areas for agri-
cultural pollution and for industrial and urban pollution.

Action plans were developed to help deciders to efficiently adapted preventive action against
contamination. The aim of the action plans is to propose realistic measures for the studied area
and to suggest proportional responses to the risk. This allows giving advices which are more
likely to be accepted. For instance, action plans to prevent fertilizers or plant protection prod-
ucts contamination take into account pedoclimatic context and farm economic viability. Realis-
tic responses are possible by the promotion of mitigation measures already used. The dissemi-
nation of knowledge and technologies is a key-principle. The actions plans are hence estab-
lished for the different types of contaminations identified (e.g. gardens, fields). Proportional
responses to the risk are achievable by the description of different classes of risk (high, me-
dium, low) for the each type of contamination. Actions plans are gathered into a set of forms
which give a brief description of plans for deciders and give applicable methods and financial
aspects. Forms are not standalone products but are a help during the decision-making process.
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Private groundwater schemes in Ireland currently supply water to an estimated 720,000 people
from two main source types: small private supplies (SPS) — private, unregulated groundwater
supplies typically serving individual households — and private group water schemes (PrGWS),
which are committee or shareholder run schemes serving fewer than 50 people, or supplying
<10 m3/day. Many of these supplies are at risk from microbial and chemical contaminants from
a variety of diffuse and point sources, including agriculture and septic tank systems. A research
project is being carried out to assess the health risks associated with small private well schemes
in Ireland. This research includes sampling of private groundwater sources and assessment of
the susceptibility of these wells to potential contamination sources. Owners and users of private
well schemes are also being surveyed about their level of awareness of their wells and about the
linkages between water contamination and health. This paper focuses on the results of the
awareness survey of well owners and users in Ireland. Interim results are presented from 227
face-to-face interview surveys, completed over 5 study areas.

Survey results confirm that private groundwater sources in Ireland are not regularly tested for
water quality. The awareness survey has identified a number of knowledge gaps amongst pri-
vate groundwater users. Around a quarter of respondents did not recognise adjacent septic
tanks or grazing animals as potential contamination threats. Considering that the majority of
private groundwater sources are located in rural, un-serviced areas, these particular contami-
nation sources are widespread and typically the most common sources of microbial contamina-
tion. Approximately 30% of respondents were unaware of potential illnesses or symptoms
associated with contaminated groundwater consumption, with 73% and 95% having no pre-
vious knowledge of rotavirus and giardia, respectively. It is unclear as yet whether these know-
ledge gaps may be responsible for increased contamination susceptibility and therefore in-
creased risks to human health. The next phase of the research will investigate whether this is
the case and, if so, will seek to quantify the overall burden of illness which may be attributed to
private groundwater sources as a result of low levels of awareness.
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A significant industrial development, associated with a demographic expansion, occurred dur-
ing the last decades of the XX century, in Loures valley, a region located in the vicinities of Lis-
bon. This was accompanied with an important modification of land use and occupation patterns,
mainly the decrease of the agricultural land.

One of the main consequences was the augmentation of domestic sewage, which, combined
with the low levels of wastewater treatment and the reduced dilution power of the water-
courses, contributes to the deterioration of the water quality of Trancdo River and associated
shallow alluvium aquifer. This one is continuous unconfined aquifer and mainly exploited for
irrigation by several dug wells.

In order to characterize the magnitude of anthropogenic impact in the groundwater, the results
of physic-chemical analyses of waters of 36 shallow wells and soils were sampled during three
campaigns (Silva, 2003). The first campaign refers to data collected in a wet year during the
summer season; the second campaign refers to data collected in the same year, during the win-
ter season and the third campaign refers to data collected in the next year, a dry year, during
the summer season. The list of monitored parameters are EC (electrical conductivity), pH, major
anions (HCOs, SO4, Cl, F), major cations (Na, K, Ca, Mg) and trace elements (Al Cr, Mn, Fe, Ni, Cu,
As, Se, Br, Sb, Hg, Pb). Spatial and temporal correlation between variables and time horizons
were carried out by using a multivariate statistical approach based on the principle of corres-
pondence factor analysis (CFA).

Developed by Benzécri in the early sixties (Benzécri, 1977, 1982), CFA belongs to a group of
factor extraction methods whose main objective is to discover the underlying pattern of rela-
tionships within a data set. This is basically done by rearranging the data into a small number of
uncorrelated “components” or “factors” that are extracted from the data by statistical transfor-
mations. Such transformations involve the diagonalisation of the some sort of similarity matrix
of the variables, such as a correlation or variance-covariance matrix. Each factor describes a
certain amount of the statistical variance of the analysed data and is interpreted according to
the intercorrelated variables. The main advantage of CFA is that symmetry is conferred to the
data matrix thus permitting the simultaneous study of correlations within and between va-
riables and samples (Stigter et al.,, 2006).
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With this type of statistical treatment, a similarity/dissimilarity hydrochemical interpretation
model is inferred between classes of quantitative variables (build with threshold concentration
values) and of qualitative variables (e.g. build with type of soils) for various time horizons.

With this interpretation it was possible to attribute a meaning to the factorial indices (e.g. geo-
genic vs. anthropogenic or diffuse vs. punctual pollution) and to map the magnitude of each
sample in the area under study. Analysis of these maps can be very useful for decision risk man-
agement.
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Groundwater vulnerability methods became a standard tool for creating a base for sustainable
groundwater management. In the past decade a number of new methods were created for more
precise determination of groundwater vulnerability. However, for more precise evaluation of
groundwater protection and vulnerability a large number of input parameters are needed and
as a consequence the whole procedure became very complex. This is especially evident when
groundwater vulnerability maps of large areas are created. That's why the new methods are
difficult to apply when small scale groundwater vulnerability maps are made.

This paper describes the creation of groundwater vulnerability map of the National park Djer-
dap. The National park is situated in the southeast of Europe, in the northeast part of Serbia,
along the border with Romania. The most famous natural phenomenon is the beautiful Djerdap
canyon, through which the Danube River flows. The National park covers the area of 650 km?,
and the protection zone of the park covers the area of nearly 940 km2. This large region is char-
acterized by very complex geological structure which resulted in existence of different types of
aquifers.

This is the main reason why the DRASTIC method is chosen for creation of groundwater vulner-
ability map. Although this method combines seven different maps, each of them can easily be
created in the small scale. The most difficult was to define the first two parameters (D — depth
to groundwater and R — groundwater recharge) because of the lack of data. The maps of these
two factors are made by using special GIS methodology which is also described in the paper.
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This research aims to evaluate the ability for pollution of the quaternary aquifer, which directly
recharge the well-fields for drinking water supply of the city of Damascus under the geological
and hydrogeological conditions of the aquifer and the pollution sources spreading nearby.

To achieve this aim, a geological, hydrogeological and hydrogeophisical studies were carried out
using the available geological data of boreholes, the geophysical measurement, the results of
water level monitoring, the chemical analysis of ground-water and the pumping tests analysis.
A surface geo-electrical sounding (VES, R.VES, SP, EP) and geophysical well logging were ex-
ecuted, groundwater samples for chemical analysis were collected and field survey of pollution
sources, affecting the aquifer, was carried out.

Data analysis and interpretation as well as data correlation were done, using an advanced pack-
age of computer software. As a result the following deductions were reached:

B Neogene-Quaternary sediments in Damascus plane form a complex aquifer system consists
of several water bearing horizons of different depths and different thickness.

B Alluvial deposits and partly prolluvial (a - ap Q iii - iv) are dominant in the area of drinking
water well field. The thickness of these deposits exceed 300 m, but the effective and pro-
ductive thickness is in the range of 40-100 m, which is due to the increase of clayey facies
with depth.

B The zone of aeration in the studied area is loamy to clayey with sands and gravels; its
thickness varies between 1 m up to 29 m.

B The aquifer in the well field is inhomogeneous and the coefficient of permeability is widely
variable. It changes from 0.5 m/day up to 146 m/day, which reflects a variable water prod-
uctivity presented by changing in the value of transmissivity that is ranging from
500 mZ/day up to 6000 m?2/day.

B A preliminary assessment of the productivity of the well fields has been done through
calculation of the mathematical formula that simulates the discharge as a function of draw
down in each field. A rating of the studied fields could be done according to their productiv-
ity, starting with Ibin-Asaker (Al-Talaee & Baitara) as the most productive field followed by
Joubar, Kadam (Sikka), Kaboun, Amawieen and ending by Madina Jameieah.

B Indications of high pollution has been noticed in the surface water which recharge the
aquifer in the area of well-fields, also high nitrate pollution has been noticed in the ground
water, with some heavy metals pollutants still under the permissive limit.
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B Sources of pollution surrounding the studied well-fields were located including the follow-
ing pollutants: Nitrate, lead, Chromium, Cadmium, Arsenic, Zinc, Mercury, Copper, Iron.
Those sources of pollution are endangering the ground water to be polluted in the future.

B A calculation of DRASTIC indices has been done for each well field, and as a result it was
possible to classify the well-fields area for drinking water supply of Damascus City into
three groups, according to its ability to pollution.

As a result, the study has proved, depending on geological and hydrogeological characteristics
of the aquifer in the area of drinking water well-fields in Damascus city, that this aquifer is
highly vulnerable to pollution, and the existence of pollution sources spreading in the surround-
ing area increases the danger of pollution of the aquifer. Inmediate measures should be taken
to establish zones of protection surrounding the well fields to ensure sustainable and healthy
source of drinking water.
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Although the Water Framework Directive 2000/60/EC (WFD) pays special attention to the
protection of waters used for human consumption, it lacks direct reference to the important
matter of the protection of groundwater intake resources and detailed indications relating to
delineation and setting up of protection zones. This does not mean however, that the Directive
does not give appropriate attention to the matter of protection of groundwater, especially of
that of special meaning for the human supply. The problem is captured, however, in a general
way, leaving a large freedom in an approach to a solution to the individual member states. Gen-
erally, we can say that WFD is set on the diagnosis of the state of groundwater resources, un-
derstood as the permanent control of their qualitative and quantitative state (monitoring).
However, the matter of their protection, which is introduced in the form of prohibitions, orders
and limitations in the use of the terrain, is left to the decision of individual countries.

In the interpretation of the Directive, the subject of protection is not the groundwater intake
with its recharge area, but the so-called “groundwater body” (GWB) understood as part of the
groundwater used for human consumption or intended to be used in the future. According to
art.6 of the WFD, the water resources of these objects must be properly protected. General
recommendations on the assurance of such protection are presented in the Guidance document
No 16, “Groundwater in Drinking Water Protected Areas”. According to them, the protection
GWB should be realized by marking and formal setting up for the so-called “Drinking Water
Protected Areas” (DWPAs). For this purpose, the so-called “safeguard zones” (SZ) can be set up
for the groundwater intake used for the collective supply of the population. Measures proposed
for DWPAs and SZ should be part of programmes of measures taken for the protection of waters
for each river basin district. Although setting up of the protection zones for the drinking water
supply is not required in European regulations, most of the UE countries attach great impor-
tance to this and the implementation of the WFD did not alter anything in this subject. The
principles of delineation and setting up of the safeguard zones, so as the effectiveness of the
protective measures often differ considerably in various countries. Because setting up of the
protection zones for the water intakes is important, but often underestimated element of the
protection of groundwater resources, interesting and important for the realization of European
policy in this range can be the comparison and confrontation of the regulations and the expe-
riences of various European countries. In the following article, comparison of the rich and long
experience of Poland in this range with the experience of different countries, mainly France,
Germany and Great Britain, was undertaken. The following questions were subject to compara-
tive analysis:
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B The current state of protection of the groundwater intakes for the collective supply in
drinking water.

Regulations concerning principles of delineation and setting up of protection zones.
Criteria, principles and the methodology of delineation of the protection zones.

The principles and requirements in establishing protective measures in safeguard zones.

Control of delineation of protection zones and execution of the established protection regu-
lations.

B State participation in the activities for the protection of the groundwater intakes recharge
areas.

B Participation of the society in the process of setting up of protection zones for drinking
water intakes.

The author believes that the protection of ground waters against their quantitative and qualita-
tive degradation should begin with the protection of recharge areas of abstraction wells for
human consumption and in the second order, the areas which could be used for this purpose in
the future (perspective, strategic). To be effective, these activities must be supported by the
active policy of the state. Unfortunately, the approach to the problem of the proper protection
zones for drinking groundwater intakes in the European countries differs very much and often
is belittled. The author proposes a wider cooperation on the forum of European Union to deal
together with this problem. The expected effect of this cooperation should be the preparation of
common politics and the uniform methodology of delineation and setting up safeguard zones
for the underground water intakes for the collective supply.
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Groundwater is an invaluable resource that meets a large portion of drinking water for mankind
demands. The main objective of this study is to generate groundwater vulnerability map of the
Izeh plain. For this purpose, besides the original DRASTIC model, 12-modified DRASTIC models
were run. The model that achieved the highest correlation coefficient with water quality data
was selected as an optimal model. Seventh modified DRASTIC model has the most correlation
coefficient between all groundwater vulnerability models with a correlation coefficient of 0.65.
Resulting map revealed that the aquifer is highly vulnerable in the south, southwest and north-

west in comparison with other areas of the basin.
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INTRODUCTION

Since early 90’s arsenic, As, concentrations over Mexican standards for drinking water has been
detected in the Salamanca aquifer system (Rodriguez et al.,, 2005; Mezquita, 1980). Vanadium,
V, was also detected in groundwater. Both elements present spatial and temporal variations. As
and V were found in the particulate emitted by local industries, mainly a refinery and a ther-
moelectric plant.

METHODOLOGY

A preliminary groundwater monitoring was based on in situ As determinations using the a
portable test kit for arsenic, Arsenator. Areas with anomalous As values were analyzed in the
Analytical Chemistry Lab of the Geophysics Institute using Graphite Furnace.

A soil monitoring was carried out, 10 cm depth. Analyzes including vanadium, V, some trace
metals that conform hydrocarbons; Chromium, Cr, lead, Pb, Zinc, Zn and nickel, Ni. The main
monitoring was carried out in the industrial zone, where is located a thermoelectric plant, a
refinery and chemical industries. A second monitoring was carried out in a rural area, northern
Irapuato City, avoiding the industrial influence.

Descriptive statistic (mean, median, standard deviation, range, minimum, maximum and varia-
tion coefficient) was done using STATISTICA 7.0 Stat Soft, Inc,, and OriginPro 8, OriginLab, Co.
Correlation and determination coefficient was calculate to determine relationships between
variables and its linear tendency (STATISTICA 7.0). Multiple correlations and principal compo-
nent analysis (PCA) were applied to analysis the variable relationships.

RESULTS

Out of the city, in the rural area, soil V is related to regional geology, to volcanic rocks like ba-
salts and rhyolites, whereas in the urban area, it has not relation with the geology. Urban soil V
concentrations were higher that rural values. Maximum values up 600 ppm were found. Higher
concentrations are associated to particulate distribution. Particulate emitted by industries using
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foil num 6 contain great contents of V, As, Ni and Zn. In the urban area must be also a geologic
contribution.

After As and V deposition over urban soils, rain infiltrations facilitates its incorporation to the
local aquifer system. Infiltrations occur in vulnerable areas. (Mejia et al., 2007).
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Uranium and radon are naturally occurring elements in groundwater and may lead to harmful
effects in human beings. Nationwide survey on radionuclide concentration in groundwater was
conducted for four years (1999-2002) after a NGO issued that uranium concentration in some
groundwater in Taejeon area, Korea exceeded the US EPA proposed value (20 pug/L). The total
number of the groundwater samples during the survey was 636. According to the survey,
Taejeon area was regarded as one of the highest potential area in Korea. The geology of the area
is rather complex. However, uranium and radon concentration in groundwater is commonly
linked to geology, the area was simplified to 3 groups for this study, two-mica granite, biotite
granite, and meta-sedimentary rock area. For estimation of the uranium and radon concentra-
tion in groundwater of the area, ninety-three groundwater samples were collected in 2000,
2006 and 2008. Most of these groundwaters are used for domestic purposes. Well depth ranges
from 15 to 250 m with an average of 115 m (NIER, 2006).

The results of uranium and radon measurements in groundwater are given in Table 1. The
uranium concentration in groundwater samples was found to vary from 0.01 to 3,607.0 pg/L
with a median of just 4.43 pg/L. About 32% of the samples exceeded 15 pg/L of the WHO guide-
line based on its chemical toxicity. The radon concentration in these 82 groundwater samples
was found to vary 140 to 40,010 pCi/L with a median of only 2,470 pCi/L and about 23% of the
samples exceeded 4,000 pCi/L of US EPA’s Alternative MCL (AMCL). Since uranium and radon
concentration in groundwater is commonly linked to geology, the geology of the area was
grouped into 3 for this study, two-mica granite, biotite granite, and meta-sedimentary rock area.
The uranium and radon concentration in groundwater returned high in two-mica granite area
and low in meta-sedimentary rock area (Tab. 1). Compared with the contents of other countries
having similar geology (Morland et al.,, 1997; Salonen and Hukkanen, 1997) the value of ura-
nium and radon concentration in the groundwater of the area is low. Radon concentration in
groundwater has been monitored at a well with a sampling time of 2 or 3 days during early
November in 2006 to see the effect of rainfall (Fig. 1). A large variation is observed, with a low
value of 3,200 pCi/L after some precipitation, and increase up to 8,600 pCi/L before another
precipitation. This large fluctuation associated with rainfall maybe due to direct infiltration of
rainfall to the aquifer. Even though the monitored well depth is 134 m and having casing to
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prevent direct rainfall infiltration. This is one of the reasons why the relationship between
uranium and radon concentration in groundwater and other possibly controlling factors, such
as well depth, HCO3 was poor in the area.

Table 1. Uranium and radon concentration.

Geology Samples Rn-222 (pCi/L) U (ng/L)
Mean Med. Max. Mean Med. Max.
Two-mica Gr. 54(45) 5330 3090 23000 117.06 11.14 3607
Biotite Gr. 20(18) 2990 1665 20500 26.39 0.98 402.3
Meta-sedi. 19(19) 3807 1140 40010 1.79 0.47 11.09
Total 93(82) 4392 2470 40010 67.74 4.43 3607
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Figure 1. Radon concentration of a well in two-mica area as a function of time.
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Development of water related indicators has been taken up under the Sixth Phase of the Inter-
national Hydrological Programme. The UNESCO/IAEA/IAH Working Group has been charged
with the development of groundwater resources sustainability indicators that can be computed
at the global, national and aquifer level.

Groundwater indicators serve a variety of policy goals. They help in the improvement of ground-
water resources planning and management policy through better assessment of the groundwater
resource situation in a given hydrogeological unit, through identification of critical problems and
their causes and by providing a basis for comparison with similar spatial unit elsewhere.

The most common use of groundwater indicators is describing the current status of the re-
source (descriptive). Regular measurements of indicators provide time series (showing trends)
that may inform on the functions of the system or its response to management. They therefore
act as important communication tool for policy makers, managers and the public, and also per-
mit evaluation of the effect of specific policy actions and promote development of new actions.
An indicator value can also be compared to a reference conditions and so it can be used as a tool
for assessment. Finally groundwater indicators can be used for predicting the future. When
models are linked to specific indicators, a time series can be extended into estimated scenarios.

The DPSIR framework has been employed in finalizing the set of groundwater indicators. The
DPSIR methodology (D — Driving forces, P — Pressures, S — States, | — Impacts, R — Re-
sponses) ensures establishment of the relationship between policy and economic issues and the
most burning issues in groundwater resources development and management.

In the proposed list of groundwater indicators, each of them describes a specific aspect of the
groundwater system and/or process and is based on the aggregation of selected variables both
quantitative and qualitative. Indicators can be combined into an index, which provides compact
and targeted information for groundwater planning, policy and management. The index is di-
mensionless and weighting and rating systems are applied in its construction. Proposed
groundwater indicators are both scientifically-based and policy relevant, based on measurable
and observable data and provide information about groundwater quantity, quality and vulner-
ability. They are focused on social (groundwater availability and use), economic (groundwater
abstraction both renewable and non-renewable and treatment requirements) and environ-
mental (groundwater quality, vulnerability, depletion) aspects of groundwater development
and resource management.

The following groundwater indicators have been developed and tested at the aquifer, national and
global scale level: Renewable groundwater resources per capita, Total groundwater abstrac-
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tion/Groundwater recharge, Total groundwater abstraction/Exploitable groundwater resources,
Groundwater as a percentage of total use of drinking water at national level, Total exploitable non-
renewable groundwater resources/Annual abstraction on non-renewable groundwater resources,
Groundwater quality, Groundwater depletion, Groundwater vulnerability and Groundwater
treatment requirements.

UNESCO-IHP was also entrusted by the Global Environmental Facility (GEF) with the develop-
ment of groundwater indicators oriented on environmental, socio-economic, legal and institu-
tional aspects of transboundary aquifers; those will be also discussed in the paper.

The following experts, mostly IAH members, joint UNESCO/IAEA/IAH Working Group on
Groundwater Resources Sustainability indicators: Jan Girman, Naim Haie, Ricardo Hirata, An-
nuka Lipponen, Elena Lopez-Gun, Bill Wallin, and Jaroslav Vrba. The work has been coordinated
by Jaroslav Vrba.

XXXVIII IAH Congress



1.2. Groundwater vulnerability and quality standards

Abstract ID: 512
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1. INTRODUCTION

On the well field located in Odra River ice marginal valley near Zawada village significant water
quality changes were observed after three years of water pumping start. These changes were
connected with iron sulphide oxidation process. This process caused drastic deterioration of
groundwater quality in the range of iron, sulphates, hardness and manganese.

In spite of this water have been still pumping because abstracted ground water was mixed with
surface water, which resulted in coagulation processes leading to the improvement of surface
water quality.

In this situation Zawada well field has been exploited since 1966 year with practically constant
yield and this unique situation gives a possibility to analyse the extreme groundwater quality
changes under steady state hydrodynamic conditions for nearly 40 years period.

2. HYDROGEOLOGICAL SETTING

Zawada well field consists of 22 wells taping ice marginal aquifer (Fig. 1).
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Figure 1. Hydrogeochemical cross section along Zawada well barrier. Explanations: 1 — silts and muds; 2
— fine and medium sands; 3 — sands and gravels with pebbles; 4 — silts and clays with sand; 5 — water
level before pumping; 6 — water level during pumping; 7 — well screen.

The bottom part of the valley deposits, underlain by impermeable or slightly permeate drift
deposits, is composed of fluvioglacial coarse-grained sands and gravels. The upper stratum is
composed of fluvial fine-grained sands. The top unit is composed of overbank flood deposits
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(silts and muds). Fluvial deposits contain dispersed organic detritus and iron sulphides as a
uncrystallized troillit (FeS). In natural conditions aquifer was confined by silts and muds layer
and water table was near the surface (0.3-0.7 m depth).

During groundwater exploitation water table declined several meters and iron sulphides were
oxidized in newly created aeration zone.
3. GROUNDWATER QUALITY CHANGES

Quality of groundwater before the start of exploitation in 1966 was very good with iron concen-
tration below 0.5 mg/L, manganese 0.19 mg/L, sulphates 10 mg/L and hardness 3.2 meq/L.
After four years of pumping concentration of iron increased up to 30 mg/L (Fig. 2) and was
accompanied by increase of sulphates (to 325 mg/L), manganese (to 0.8 mg/L) and hardness
(to 9.5 meq/L).
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Figure 2. Phases of iron concentration changes in ground water from Zawada well field. I-VII — phases of
iron concentration changes (see explanation in the text).

The increase of hardness was the result of neutralization of sulphur acid from oxidation reac-
tion by carbonates contained in fluvioglacial deposits. During the exploitation seven time phas-
es of changes 