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PREFACE

With increasing awareness of environmental issues and the rapid
expansion of urbanized areas, interest in urban groundwater has developed
greatly over the last two decades. A number of meetings have been held on
urban groundwater issues, for example the International Association of
Hydrogeologists (IAH) Congress in 1997 (Chilton et al., 1997), and the
urban groundwater session of the Geological Congress of 2004. The IAH
has a commission on Urban Hydrogeology, and UNESCO has an Urban
Water Management focal area under its IHP VI programme.
Concomitantly, there has been a great interest in the wider development of
the concepts of sustainability (e.g. Hiscock et al., 2002), including as
applied to urban systems. It was in this context that a NATO Advanced
Studies Institute (ASI) was held in Baku, Azerbaijan, in August 2004,
following a very successful NATO Advanced Research Workshop at the
same venue in 2001 (Howard and Israfilov, 2001). The ASI brought
together, over a period of 10 days, a very diverse group of researchers from
a wide range of countries interested in the whole gamut of urban
groundwater issues. The aim was to share experiences and ideas, and to
explore the commonality of urban groundwater problems, working towards
methods for managing urban hydrological systems in ways that would
minimize adverse impacts. This book is one product of the meeting. It
covers all the main aspects of urban groundwater issues, from flow systems,
through chemical and biological contamination, to engineering and socio-
economic impacts, with evidence being drawn from many different
countries and hydrogeological/socio-economic environments. It also
includes, importantly, overviews which demonstrate how the different
processes and impacts coexist and interact within any one city system.

We would like to thank NATO, and in particular Dr Alain Jubier and Dr
Deniz Beten, for support and funding of both the ASI and the book. In the
running of the ASI, the ‘Baku team’ and the staff of the Geology Institute
of the Azerbaijan National Academy of Sciences provided much needed
infrastructural support. We would particularly like to recognize the
contributions of Rafig Hanifazade and Tofig Rashidov. The book would
not have been possible without the extremely able editing of Dr Liam
Herringshaw. Our publishers were very understanding, and in particular we
would like to thank Mrs Wil Bruins for her support. Vanessa Chesterton
and Kevin Burkhill undertook much of the metadata compilation and re-
drafting of figures. Finally, we would like to thank all the contributors for
their interesting ideas and lively discussions during the ASI, and later for
their helpful response to our many editing queries.

xiii
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TOWARDS MANAGEMENT AND
SUSTAINABLE DEVELOPMENT OF URBAN
GROUNDWATER SYSTEMS

An Introduction

John H. Tellam', Michael O. Rivett', and Rauf G. Israfilov?

"Earth Sciences, School of Geography, Earth and Environmental Sciences, University of
Birmingham, Birmingham B15 2TT, UK; *Geology Institute, Azerbaijan National Academy
of Sciences

Abstract: Urbanization modifies underlying groundwater systems. This may lead to
adverse hydrological, water quality, geotechnical, or socio-economic effects,
jeopardizing sustainability. To avoid these effects, management is required
irrespective of whether the groundwater is to be used or not. This
management must be based on a sound technical understanding of the
interacting processes involved. The papers in the present volume explore the
state of this understanding in the context of a wide range of countries,
climates, and geologies.

Key words: importance of urban groundwater; flow; chemical water quality; biological
water quality; remediation; engineering; socio-economic issues; water
balance.

1. THE IMPORTANCE OF URBAN
GROUNDWATER

Urbanization modifies local hydrology, often extensively. Water and
chemical fluxes are changed in both surface and groundwater systems,
often to the detriment of the environment and water usability.

Changes in land cover will often reduce recharge amounts and change
recharge distributions. Recharge will be supplemented by leakage from
water pipelines and sewers, discharges onto ground surface, and increased

1

J.H. Tellam et al. (eds.), Urban Groundwater Management and Sustainability, 1-9.
© 2006 Springer.



2 John H. Tellam, Michael O. Rivett, and Rauf G. Israfilov

infiltration from surface water bodies. Groundwater abstraction will lower
piezometric surfaces and reduce flows from the system. These changes in
water balance will cause changes in solute fluxes: chemical fluxes will also
be affected by dissolution from modified (‘contaminated’) land.

Depending on which factors dominate, possible implications of these
changes include: reduced well and river yields; increased flood hazard;
deterioration in quality of groundwater; salinization; poor quality baseflow;
migration of polluted urban groundwater into surrounding rural areas;
increased ground instability; and increased social conflict.

For a city to be hydrologically sustainable, an equilibrium needs to be
established which is acceptable for drainage, flooding, waste disposal, and
water supply. Such an equilibrium is unlikely to be established without
active management intervention. Even if groundwater is not required for
use, an increasingly unusual case, there are still potentially serious
consequences of not managing the system actively: inaction has
consequences. This is evident from the continuing impacts past un-
managed development has had on both water levels and water quality in
many cities, as exemplified by the papers in Section II of this volume.

Management of the interacting surface/groundwater system, considering
both quantity and quality whilst satisfying other constraints of the built
environment, is not a trivial undertaking. It is made more difficult by the
transient nature and marked heterogeneity of urban development. Some
forecasts suggest that urban populations will double by 2050 (Foster et al.,
1999), and climate change will add further pressures: the development of
management techniques is therefore urgently needed.

2. THE MAIN TECHNICAL HURDLES

Urban aquifers are hydrogeologically distinctive in at least the following
respects:
e the density and heterogeneity of wells and pollution sources in space
and time;
e the presence of structures such as sewers, fill material, foundations,
pipelines, and various types of ground cover;
e the presence of chemicals such as synthetic industrial organic
compounds (and any arising cocktails);
e the concentration of human-associated biological contaminants; and
e the socio-economic structures impacted by water-related issues.
Much remains to be learnt about how to quantify each of these
components. However, the most difficult problem is how to integrate all the
interacting hydraulic, chemical, biological, and socio-economic systems.
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3. THIS VOLUME

The ultimate aim of urban groundwater studies is to develop the sound
theoretical understanding necessary to develop management techniques
which will deliver sustainability. This volume outlines the current state of
understanding across the main areas of the subject, using both review and
focused, specific-issue papers. The studies represented come from many
different countries, including some for which the English language
literature is sparse. This international diversity and the comprehensive
range of urban groundwater issues covered are key features of the book.
Although each city is unique, it is clear that many of the urban groundwater
problems faced are common to many countries. As such, lessons learnt in,
e.g., Azerbaijan may well be relevant in, e.g., Portugal, and vice versa.

The remainder of the book is divided into eight sections. Section II sets
the scene with a series of case studies dealing with regional overviews.
Sections III to VIII cover the following issues: flow; chemical water
quality; biological water quality; remediation; engineering; and socio-
economics. These areas are briefly outlined below.

4. IMPACTS ON GROUNDWATER FLOW:
SECTION III

Flow issues include: recharge estimation; flow pattern assessment;
integrated flow modelling; and characterizing the hydraulic behaviour of
urban-specific structures. The latter includes the effects of foundations,
tunnels, and any other buried structure, and the effects of fill material.

Urban recharge assessment is difficult. Low permeability cover
promotes runoff. However, the cover will almost certainly be incomplete,
encouraging focused recharge (Thomas and Tellam, 2006). In addition,
cover may be modified to be permeable (SUDS: sustainable drainage
systems). Evapotranspiration will be modified by the urban micro-climate
and changes in the radiative properties of the cover material: if focused
recharge occurs, evapotranspiration may be limited, and the frequently
observed reduction in recharge rate during the hotter parts of the year may
not be seen unless urban trees are present. Interflow in filled ground is
extremely difficult to quantify. Leakage from water mains has often
compensated for by the increase in runoff (e.g. Lerner, 1997), and leakage
from canals can be so important that drainage wells are necessary (see
Section VII). It is clear that new methods for determining recharge in situ
would be particularly advantageous, and one such method is described in
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Section III. The issue of uncertainty in modelling is also raised in the
context of recharge estimation, but its salutary message should be
considered in all aspects of assessment in urban hydrogeology.

If pollution risk is to be quantified, flow patterns need to be determined.
This is particularly difficult in urban systems where, aside from the
difficulties of estimating recharge, the history of pumping is typically
complex in space and time. As shown in Section III, the well catchments
need to be mapped all three space dimensions. Catchment shapes can
become complex even in steady-state and certainly in unsteady-state. In
most cases, detailed pumping histories are not available, and prediction
becomes very uncertain.

Surface water and groundwater are part of the same system, yet it is
much more usual to treat them separately. One reason is that integrated
models are often difficult to develop, not least because of the differences in
groundwater and surface water response times. However, progress is being
made in this area, and an example of an integrated model run in real time to
aid operational management is described in Section III.

S. IMPACTS ON CHEMICAL WATER QUALITY:
SECTION 1V

Many pollutant sources in urban areas are point sources and give rise to
plumes which then move through the aquifer in paths often complicated by
the time-variant nature of local abstractions. When sampled, often at
pumping wells, the water is usually mixed, and may well have
concentrations much lower than the maximum within the aquifer (e.g.
Tellam and Thomas, 2002), thus making the interpretation of any in situ
natural attenuation difficult.

In residential parts of a city, chemical pollutants may be limited to Cl,
SO,, and N species, with possibly some chlorination products
(trihalomethanes) and occasionally other chemicals associated with minor
spills. Cl and especially NO; may be associated in part with sewage
pollution: presence will depend on the state/design of the sewerage system
over time, and the residence time of the groundwater. In extreme cases,
wastes could potentially transform the aquifer redox systems. However, in
many cases industry will be a major cause of pollution, especially by
synthetic organic compounds and inorganic pollutants (e.g. heavy metals,
NH,). The chemicals released will have varied over time as the industrial
processes and land use changed (e.g. Lerner, 2003). Sources will vary from
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short-term, solute sources, to non aqueous phase liquid discharges which
may act as sources for prolonged periods of time (Rivett et al., 2005).

Section IV includes examples of mainly residential and mainly
industrial pollution from Portugal and the UK. But in addition, other papers
provide reminders of a number of issues, including: the importance of
recording the quality of the groundwaters before urbanization; pollution by
less studied chemicals, including organic airport de-icers, pharmaceuticals,
and actinides; the importance of urban landfills and city-adjacent
agricultural areas; the presence of thermal waters in some cities; and the
difficulty of predicting bypass pathways in systems as different as karstic
limestones and clays.

6. IMPACTS ON BIOLOGICAL WATER QUALITY:
SECTION V

Possible sources of microbiological pollution include human waste
systems, animal wastes, food processing wastes, and waste water injection.
Often it is assumed that groundwater contamination by bacteria and viruses
in at least matrix-dominated systems can be dealt with in practice by use of
‘setback’ distances between potential sources and receptors. It is assumed
that over this distance the microbes are inactivated by a variety of
mechanisms, including predation, attachment to the rock, and breakdown.
Recent evidence, summarized in Section V, in both developing and
developed countries suggests that this may be a dangerous assumption, and
interesting insights into apparently rapid virus movement and possibly
extended times of viability are starting to emerge. Fractured systems have
long been known to be vulnerable to microbiological pollution but, despite
this, sometimes incidents involving groundwater transmission occur, even
where management systems are in place: an important recent incident in
Canada is described in Section V. Other papers compare microbe
occurrence in countries with a range of waste-disposal practices.

Waste water injection is likely to become more popular as water
resources become scarcer. Injected water will contain both microbial
particles and potential nutrients, and care must be taken that the
groundwater system is not degraded. A set of field experiments in a
shallow sandy system, reported in Section V, shows that unsaturated zone
thickness is critical if stimulation of groundwater bacterial populations is to
be avoided. It also shows that such stimulation in turn affects the aquifer’s
indigenous invertebrate fauna.
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7. REMEDIATION: SECTION VI

Section VI deals with remediation in the broadest sense of the term:
aquifer protection; in situ remediation; and pumped water treatment.
Prevention of pollutants entering an aquifer is generally the best approach,
and, as indicated in one paper, in some cases waste treatment can even be
potentially profitable. However, prevention is not always possible: there
will always be cases where pollution occurs despite aquifer protection; in
many aquifers there will be pollution present from times prior to the
protection procedures being put in place; and in many cities it is simply not
feasible to protect all the aquifer. In these cases, remediation can be
considered, though often it will be an expensive option. There are many
possibilities, from passive to vigorously interventionist, including
monitored natural attenuation, permeable reactive barrier methods, pump-
and-treat systems, and in situ chemical injection approaches. These are
reviewed in Section VI from historical-, socio-economic-, and process-
based perspectives. A final option is treatment at the point of use. This may
involve simple procedures such as aeration or dilution, or rather more
complex chemical treatments, an example of which is also described in
detail in Section VI.

8. ENGINEERING IMPACTS: SECTION VII

There are numerous engineering impacts of urbanization, and many of
these are covered in Section VII. Changes in water balance for an aquifer
following urbanization can result in falling or rising water level depending
on the relative changes in runoff, leakage, and abstraction. Falling water
levels give rise to ground subsidence, especially in aquifer systems of
alternating sands and clays. They can also result in the drying out and
shrinking of soils or timber foundations, leading to subsidence of buildings.
Rising water levels will result in greater pore pressures and hence lower
effective stresses. In unfavourable cases, this will result in foundation
collapse and landslide initiation. In extreme cases, seismic hazard may be
increased.  High water levels may result in salinization (through
evaporation from the water table) and flooding, and require drainage
systems to be installed. Another effect may be dissolution resulting in
reduction of strength and building subsidence.
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9. SOCIO-ECONOMIC IMPACTS: SECTION VIII

Even if all the technical problems were solved, success in sustainable
development would still be contingent on finding satisfactory ways to
implement any management strategies. In many countries, for example
those of the European Union and North America, environmental legislation
continues to be tightened. However, the experience summarized in the
papers of Section VIII suggests that in many countries the situation is more
complex, with governments unable and/or unwilling to enforce water
control methods. This, and the sometimes inefficient performance of public
water supply systems, has resulted in households taking more responsibility
for developing their own supplies, often with an associated loss of central
control over aquifer development. In other cases, this is not technically or
economically feasible, and the population has to deal with low water
availability. Often the key issue is to gain the agreement of the local
populace, and non-governmental organizations are often heavily involved
with raising awareness of water (and other) issues.

10. TOWARDS MANAGEMENT AND
SUSTAINABLE DEVELOPMENT

The overall water and solute balances for an urban aquifer for a given
time period can be expressed in the forms:

P+L +L,+D+SWI+GWI+ AR

1
—~ET-RO-1IS—Q—SWO-GWO-L, =AS M

FyPC, +LC,+L,C, +DC,, +SWICy, + GWIC,,, + ARC,, + mdr
-0C,, —SWOC,,,—GWOC,,, — L Cg,, =VAC,,
®)

where the symbols are as indicated in Table 1. All variables are functions of
space and time, and many are not independent, being connected either
directly (e.g. Q/GWI) or via socio-economic responses (e.g. if Cgw
increases, Q may decrease). The problem faced in urban development is
how to manipulate the balances represented by these equations so that
abstraction, water levels, and water concentrations are optimized, i.e. do not
give rise to unacceptable consequences (e.g. insufficient supply, flooding,
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subsidence, contaminated water). The variables in Equations (1) and (2)
are generally not amenable to direct control: some of the management
‘instruments’ available to effect the manipulations needed are listed in
Table 1. These instruments are subject to socio-economic constraints (e.g.
Section VIII), and clearly cannot be retrospective - the history of urban
development is a critical factor.

Table 1. Components of urban aquifer water balance, and potential management
'instruments' (regs = regulations; CL = contaminated land; HZ = hyporheic zone; Q =
abstraction; SW = surface water; GW = groundwater).

Symbol Variables Potential management ‘instruments’

Inflows

P Precipitation Air quality; SUDS

RO Runoff SUDS; rainwater harvesting regs

IS Interception storage Rainwater harvesting regs

D Industrial discharge Restrict; landuse regs; education

L, Supply leakage Repair (or allow?)

L¢ Foul leakage Repair (or allow?)

SWI Surface water inflow Q regs; rely on HZ; SW discharge regs

GWI Groundwater inflow Q regs;

AR Artificial recharge Operational regs

mdr Mass dissolution rate for CL  Fill regs; CL remediation; landuse regs;
animal waste regs; Q regs

Outflows

ET Evapotranspiration Q regs; vegetation regs; leakage repair

Q Abstraction Q regs; enforce GW use by industry

SWO Surface water outflow Rely on HZ; Q regs; well design regs;

GWO Groundwater outflow Rely on HZ; Q regs; well design regs;

L, Exfiltration to pipelines Repair; Q regs

Other Symbols

Cy Concentration associated with x

Fer ET concentration factor

v Aquifer volume

AS Change in water stored

ACgw Change in concentration of groundwater

There will be very different optimizations in different systems at
different times, and research needs to concentrate on developing flexible
procedures. To do this, two approaches are necessary: detailed analytical
investigations of the subsystems where they can be isolated; and
integrating, quantitative syntheses of several or all subsystems. As this
volume suggests, much is being achieved by the former approach, and
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progress is being made in the latter. A significant challenge is the
integration of the physical /biological /chemical systems with the socio-
economic systems. Given the possible feedback relationships, there may
well be interesting and important phenomena here which have not yet been
fully explored.

In the long run, urban water systems by definition will be sustainable,
but this could be at a high human cost. The purpose of urban research such
as that summarized in this volume is to seek ways to minimize this cost.
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REGIONAL OVERVIEWS



ANTHROPOGENIC CHANGES TO
HYDROGEOLOGICAL CONDITIONS
IN URBAN AREAS

New Perspectives from Azerbaijan

R.G. Israfilov
Institute of Geology, Azerbaijan National Academy of Sciences, H.Javid Av. 294, Baku-
AZ1143, Azerbaijan.

Abstract: Urban water supply problems are not limited to depletion of reserves, but
include issues such as surface and groundwater contamination, deterioration
of distribution systems, water table rise or decline, landslides, land
subsidence, and increased seismic hazard. These problems often have social
implications that can lead to serious economic damage. Analysis of the
situation associated with the use and protection of urban groundwater in
Azerbaijan, and of the Absheron peninsula in particular (where in our view
there are major issues to be resolved), suggests that special approaches are
necessary within urban hydrogeology. Evaluation of both static and time
variant factors has allowed the setting up of a hydrogeological zoning system
which has been trialled in the Absheron Peninsula, with encouraging results.
It is hoped that this approach will form a sound basis for prognostic
evaluation in urban areas elsewhere.

Key words: protection of catchments; management; environmental assessment;
Absheron Peninsula, Azerbaijan; classification; zoning; regional overview.

1. INTRODUCTION

The rapid and large-scale urbanization occurring in various regions of
the world disturbs considerably the natural balance and often changes, the
environment detrimentally. In these situations, a dynamic component of the
environment, the groundwater, is open to damage if it is not protected from
anthropogenic input. Results of analysis demonstrate that the main elements
affecting the hydrodynamic and hydrochemical characteristics of
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groundwater beneath urban areas are seepage from underground pipes,
infiltration of irrigation water, waste discharge, leakage from artificial
reservoirs and tanks, and installations which block groundwater flow, such
as building foundations. However, there also may be significant outflows
such as groundwater production, underground withdrawal from drainage
systems and subway discharge wells which partially offset the groundwater
inflows.

At the same time due to the combined influence of several factors it is
very hard (sometimes impossible) to predict changes to the hydrogeological
system. In addition, it is impossible to foresee the damage to structures such
as water, oil, and chemical pipelines, or to surface or underground
construction works. As a consequence, forecasts are based on analysis of
quantitative and qualitative trends. During the first stage of investigation,
background data have to be collated. This can be very difficult sometimes
due to absence of current and historical observation wells or data.
Sometimes use has to be made of data from surrounding areas also, though
such data are less reliable. Experience of investigations in Azerbaijan
suggests that the results obtained from such collations usually enable
successful assessment of the main regional characteristics of the
groundwater regime (e.g. Israfilov, 1997; 2002). If observation wells are
absent, any available information about the state and changes of
hydrogeological conditions must be used. These may be published
information from various reports, theses, monographs, or papers, archive
data, data from fieldwork, and data from interrogation of well owners,
information from remote sensing or aerial photography surveys, and
geological / hydrogeological maps.

2. STRATEGY FOR STUDY OF URBAN
GROUNDWATER SYSTEMS

2.1 Principles and Approach

Irrespective of the ways of obtaining the information, it is necessary to
follow the requirements of a number of principles for developing a correct
analysis:

1. In all cases, basic information on all aspects of geological /
hydrogeological conditions should be collated;

2. These data should be studied together to give a full interpretation of the
whole interdependent hydrogeological (and ideally ecological) system;
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3. Seasonal and long term variation of the groundwater regime, including
extreme events, should be determined and analysed.

Observance of these principles allows the basic regional characteristics
of urban groundwater systems to be determined. These can then be used in
forecasting future behaviour. The same approach should be applied at the
next stage of investigations where anthropogenic loading is determined. In
this case, consideration must be given both to the whole complex of the
regime forming factors and to the development of the anthropogenic
processes and phenomena.

Three types of groundwater regime formation are found within urban
areas (Israfilov, 2002; Kovalevski, 1976):

1. natural and relatively undisturbed areas where annual seasonal
fluctuations of groundwater level remain within historical ranges and
water quality can be considered stable (the impacts on groundwater are
episodic and low or insignificant;

2. abnormal areas where impacts on groundwater are apparent, but they do
not cause long term water level changes, and hydrochemical indices
range up or down;

3. severely or intensively abnormal areas where unnatural aquifer
behaviour occurs, completely determined by anthropogenic factors;
here, both short and long term trends in hydrogeological variables are
likely to be observed.

At first sight these categories do not seem very important: however, they
define the methods of investigation and prediction in urban hydrogeology
studies. Depending on the characteristics of the natural setting,
anthropogenic impacts, etc., each of these categories may be divided into
further sub-categories.

The next basic result is that, independent of the multifarious nature of
the impacts of the anthropogenic loading, urban water supply strategies are
the main cause of regional changes of hydrogeological conditions.
Depending on circumstances, there are three possible water supply
strategies:

1. surface water only;

2. both surface and groundwater;

3. groundwater only.

It is clear that the third case will have the most effect on urban groundwater

systems. The role of groundwater sources will constantly increase as

groundwater is the source most protected from contamination and the most
economical.

Location of wells mainly determines the character and variability of the
degree of impact. Usually, within urban areas, private wells are located
unsystematically, their location usually depending on the development of
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the city and its life support systems. Frequently, they are located for
self-sufficient water supply of private apartment and business premises,
other residential areas, and industrial complexes. Usually the public supply
wells are located on the basis of special hydrogeological investigations, and
after assessment of likely/required yields (hundreds of thousands of cubic
metres per day usually). These wells become one of the main water sources
(sometimes the only one) of the city water supply. But even in the cases
where for any reason (ecological, economic, etc.) surface water is the only
source, redistribution of water becomes the main reason for any changes in
the groundwater balance.

2.2 Main Aims

The analysis and comparison of the current problems of hydrogeology
in urban areas, urban agglomerates, and industrial centres (Chilton et al.,
1997; Hiscock et al., 2002; Howard and Israfilov, 2002) allow the defining
of the following main issues which should be investigated if a scientific
basis of management and sustainable development of urban groundwater
systems is to be developed:

1. Definition of spatio-temporal distributions of the groundwater regime
parameters, identification of natural and anthropogenic sources of water,
and definition of water-balances;

2. Identification and quantitative evaluation of factors which cause of long
and sort term changes in hydrodynamic and hydrochemical parameters;

3. Creation of a conceptual model of the groundwater flow system,
schematization of aquifer boundaries, and estimation of basic
hydrogeological parameters;

4. Assessment of the limits of anthropogenic impacts on the groundwater
and the development of predict methods for the definition of possible
detrimental impacts on the groundwater and other parts of the
environment;

5. Hydrogeological zoning of urban areas on the basis of groundwater
conditions and the factors which may affect groundwater protection;

6. Development of principles for the optimal design of a network of
observation wells that would provide more complete information on
natural and anthropogenic impacts on groundwater at the regional and
local scales;

7. Creation of interactive real time mathematical models of groundwater
movement for use in management and sustainable development.

To achieve these goals, the following four main tasks should be
undertaken.
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Firstly, development of databases and GIS needs to be undertaken. The
structure of the study database will be determined by the most important
features of the local water system, and needs to be consistent with existing
software. Periodic updating of the database is required after field and
analytical work. The database should be populated, following critical
assessment, with: (a) historical data from archives and publications; (b)
recent geological, hydrogeological, and ecological data; (c) any special
field survey data. A GIS should be created to describe the present condition
of urban water resources for every city in the study area.

Secondly, the water supply system, groundwater sources, and any
known problems should be examined. Analysis of the water supply
strategy within different urban areas should be undertaken, including: (a)
assessment of quality and quantity parameters for the public water supply
systems; and (b) identification of alternative sources for private water
supply systems and their role in the water consumption structure.
Assessment of the water distribution system and sewer system conditions
should also be undertaken. This will involve: (a) analysis of calculated and
actual leakages from water distribution and sewer systems; and (b)
determination of the performance of the water supply sources, using
qualitative and quantitative indicators,, including their water quality before
joining the public water distribution systems, and their associated water
quality at points of consumption. An assessment should be made of the
natural and anthropogenic impacts on groundwater using an analysis of
seasonal and long-term variations of hydraulic and hydrochemical
parameters. This will include assessment of: (a) variation in the natural
groundwater regime; (b) variation of impacted groundwater regimes; and
(c) the characteristics of groundwater regime changes. Finally, comparative
studies of the characteristics of the water systems and problems in case
urban areas need to be undertaken. This will involve: (a) definition of the
general problems and characteristics of groundwater flow and quality
changes for the case areas; (b) characterizing the various impacting
processes (e.g. contamination of groundwater, flooding, landslides, land
subsidence); and (c) classification of the changes in hydrogeology and the
dominant processes in each case urban area.

Thirdly, development of a conceptual urban water model needs to be
undertaken.  This process will usually include: (a) definition of the
groundwater balance structure; (b) justification of the estimated
hydrogeological parameters; and (c) schematization of the aquifer boundary
conditions.

Fourthly, and finally, a model should be developed and assessed: (a)
chose a justifiable model type; (b) calibrate the model using the available



16 R.G. Israfilov

data; (c) assess the model adequacy; and (d) evaluate modelling results and
reliability.

Although the structure of the research presented above can be changed
and enlarged depending on specific natural and anthropogenic conditions
obtaining in the urban areas being investigated, the main components may
form a basis for development of a common approach and methodology for
urban water investigations. The rest of this paper concerns application of
these principles as carried out in Azerbaijan: urban water problems are
present here in all forms.

3. URBAN WATER PROBLEMS IN AZERBAIJAN

As in most countries of the world the majority of the population of the
Azerbaijan Republic (roughly 70%) lives in cities. As a rule, the process of
urbanization is followed by intensive human impact on the environment,
the latter including surface water and groundwater. It usually leads to land
subsidence, landslide processes, flooding, and other environmental and
social phenomena, which cause huge economic dislocations. At the same
time, in most cities of the Republic one can observe a serious worsening in
portable water quality. This can cause serious damage to public health and
is the main reason for the spread of preventable diseases. Moreover,
together with contamination of the main sources of surface water and
groundwater supplies, one can observe frequent cases of water
contamination in the water distribution systems. This situation is
complicated by the fact that after the disintegration of USSR and
occupation by Armenia of about 20% of the territory of Azerbaijan, the
population of the Absheron peninsula has increased dramatically because of
refugee inflows and forced migration, to over 4 million (more than
doubled). The cities of Baku and Sumgayit are located within the Absheron
peninsula. In this peninsula there are almost no fresh water resources. The
water demands are met by surface water resources of the Samur river and
groundwater transfer from the Guba-Gusar region of the Republic (more
than 200 km from the demand areas). These sources are augmented with
water from the Kura river in the Ali-Bayramli region (more than 180 km
from the demand area), at rates of up to 30 m’/s. The available water
resources were not intended to meet the needs of 4 million people, this
being the reason for the substantial deficit in water supply. At the same
time, the existing state of water supply infrastructure and inter-urban water
supply transmission has worsened the potable water quality. Often the
population is supplied by potable water which does not meet the generally
accepted quality standards. In many regions of Baku and Sumgayit, city
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water is supplied for only a few hours a day by a rotating schedule that is
inadequate for sanitary-epidemiological requirements. The paradox is that
the existing freshwater deficit is largely due to the poor state of the
distribution network with leakages of over 50%. Due to this loss of water,
many people in the suburban regions of Baku city and the surrounding
Absheron peninsula, in the areas where there is no centralized sewer
system, use untreated groundwater for their domestic needs. This
uncontrolled use of potentially polluted groundwater is fraught with serious
consequences.

Gyanja city, the second most populous urban area with a population of
over 500,000 and considerable commercial potential, is in the western part
of the Republic. This city supplies water only to 50% of its people from a
centralized water supply network with a total production of 2.65 m’/s. The
sources of the water supply are baseflow from the Gyanjachai river and
surface waters of the Kura, Agsu, and Kyapazu rivers. The private,
decentralized water supply is abstracted using over 150 wells located in a
disorderly distribution in different parts of the city. It should be pointed out
that none of the wells have any protection zones, and that the region is not
completely served by the sewer system. Thus, sources of water supply are
under constant threat of contamination and in some cases do not meet
sanitary norms. Taking into account the low level of water treatment and
water transmission to populations through existing urban water supply
networks, in Gyanja city water quality also does not meet potable standards.

The populations of other cities in the Republic are less than 100,000.
However, this does not mean that the state of the water supply is better.
These cities are only partially served by centralized water supply and
sewage systems. To satisfy their water needs most people use sources of
surface water and groundwater that are of low quality. On the whole,
portable water supply in these cities does not meet water quality standards.

Therefore, one of the main problems in the Azerbaijan Republic is
management and sustainable development of urban water systems.
Addressing these issues would reduce the risk and extent of diseases
significantly for 70% of the population. As a reminder, about 50% of the
population of Azerbaijan Republic lives in the Absheron peninsula. In
addition, many industries including oil and gas, chemical, mining, and
electronics are developed here. In less than a hundred years, the Absheron
peninsula has become one of the most urbanized and industrial areas of the
world. Therefore, using the example of this region, the results of urban
loading upon groundwater will be described.
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4. AZERBAIJAN BACKGROUND

4.1 Introduction

Azerbaijan is situated within the Alpine fold belt and includes mountain
regions of the Greater and the Lesser Caucasus, the Kura inter-mountain
depression and part of the Caspian Sea. Topographic relief varies from -26
to 4459 m above mean sea level (MSL). The altitude of more than 45% of
the country (86,600 km?) is above 500m MSL. The geology ranges from
Precambrian rocks to recent materials. Sediments are marine, volcanogenic
and continental in origin. Azerbaijan has common borders with Armenia,
Georgia, Iran, Russia, and Turkey, and maritime boundaries with Iran,
Kazakhstan, Russia, and Turkmenistan.

4.2 Natural Setting of the Case study Area

The Absheron peninsula is located in the east of the Azerbaijan
Republic on the west coast of the Caspian Sea (Figure 1). It has an area of
1984 km? and is underlain by Cretaceous , Palacogene, Neogene, Pliocene,
and Quaternary deposits. The lithological composition of the sequence up
to the base of the Neogene consists of sands, clays, sandy clays, and
limestones.

.f M
Zabrat
T\\\ \ -5
Balﬂk}lalli\_)Q;;mm > 1S
e SN =
sabu@“ﬁf\s akhm 2 <3
&% 15

B 0 ur: W
I , 20015 Bul-Buli 7 1)} YN\
15 Serebroysk | 05

Figure 1. Map of water table contours for the Absheron peninsula for 1999; 1-water table
contours; 2 - region where there is only sporadic development of the aquifer; 3 -
impermeable deposits; 4- irrigation Canal; 5- channels for waste oilfield waters.
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The middle Pliocene sediments are represented by sandy clays, thick
where the highly mineralized oil groundwaters occur. The overlying
deposits contain lower salinity though rarely fresh groundwater which is cut
off from the underlying sequence by thick low permeability clays (200 -
400 m) of the Akchagil and the Lower-Absheron stages (layers). In the west
of the Absheron peninsula, lower permeability clays of Cretaceous,
Palacogene, Neogene, and Lower-Pliocene age outcrop. Towards the east
coast of the peninsula, these clays become deeper and are covered by
Quaternary sediments where the main deposits of shallow, confined and
unconfined groundwater occurs. Thus the geological structure determines
the isolation of the Absheron peninsula Quaternary deposits from the Great
Caucasus Mountains, in spite of the fact that tectonically the peninsula is its
south-east continuation. Only the eastern part of the peninsula is interesting
from the point of view of groundwater resources.

Tectonically, the Absheron peninsula is situated in the East-Absheron
depression where seven sub-structures are identified: 1. Djorat-Sabunchi-
Zikh anticline; 2. Kyurdakhani-Kala- Zirya anticline; 3.Bilgyah-
Mardakyani-Shuvalan syncline; 4. Zirya syncline; 5. Bina-Hovsan syncline;
6. Baku syncline; 7. Sumgayit syncline (see Figure 4 below).

The climate of the Absheron peninsula is characterized as arid with a
dry summer. Winter is warm but precipitation is more than in the other
seasons (rarely as snow). However, the most intensive precipitation occurs
in the autumn. Typical seasonal variations of precipitation, temperature, and
air humidity are shown in Figure 2.

Hydrogeological conditions within the eastern part of the Absheron
peninsula are quite diverse. The aquifer is subdivided into a shallow
unconfined part and two confined parts. Shallow groundwater occurs
throughout the area, predominantly in the Quaternary sediments. Confined
groundwater occurs within the Quaternary sediments within the Zirya
syncline, the Bina-Hovsan syncline, and the Baku syncline. Confined
groundwater also occurs within the Neogene sediments (Absheron stage)
within the Bilgyah-Mardakyani-Shuvalan syncline. Because of the low
quality of the confined groundwater, which not used for drinking, the main
importance of the urbanization influences its effect on the shallow
groundwater, and this is the main focus of the study.

Hydrogeological maps of scale 1:25000 provide complete information
about the origin, occurrence, and movements of the groundwater. Some of
these data are shown in Figures 1 and 3.

The depth to the water table varies from several centimetres up to 50
and more metres. Heads vary from +110 to -25 masl (metres above sea
level). The vast majority of groundwater discharge takes place into the
Caspian Sea. Within the tectonic structures mentioned above, different
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groundwater flow systems are developed. Groundwater drainage has been
estimated based on values of hydraulic gradient (Katz, 1976). Four
categories were identified: 1) intensively drained with hydraulic gradient >
0.01; 2) moderately drained (0.005 to 0.01); 3) weakly drained (0.001 to
0.005) and 4) poorly drained (<0.001).
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Figure 2. Relationship between groundwater level at well 161 and meteorological conditions
in Baku; 1. precipitation; 2. air temperature; 3. humidity deficit ; 4. groundwater level.

Due to variations in the hydrogeological settings, groundwater
mineralization varies widely, with salinities ranging from less than 1.0 g/l
to more than 60 g/l. As the groundwater mineralization increases, the
chemical composition changes from HCO;-Ca/Na and Ca/Mg through
HCO;-Cl and CI-HCOs; to Cl-Na.

S. IMPACTS OF URBANIZATION

5.1 Water Levels, Water Balances, and Time Trends

Hydrogeological data from 137 observation wells collected over the
period 1955-1999, and other data, have been compiled in annual reports and
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summary technical reports, monographs, and papers of the Ecology
Ministry of Azerbaijan, the Geology Institute, the Research Institute of
Water Problems, Baku State University, etc. (Shishkin, 1939; Israfilov,
1947; Vaidov, 1956; Israfilov and Listengarten, 1978) The interpretation
was approached through a complex analysis of geological and
hydrogeological data using hydrodynamic, probabilistic, statistical, and
water balance techniques.

As in the majority urbanized areas, the groundwater formation within
the peninsula depends on the interactions of two complexes of factors -
natural and anthropogenic. Therefore without studying the natural
groundwater regime it is impossible to assess the impacts of urbanization.
Differences in the groundwater regime across the area indicate the relative
importance of the various geological-geomorphological, climatic, and
hydrological factors.

As mentioned above, the geological distribution is the main reason for
the isolated fresh groundwater systems in the Absheron peninsula, as well
as for the origin, occurrence, and movement of the groundwater within the
deeper tectonic structures.

Natural long-term groundwater regimes in the Absheron peninsula were
found to be influenced by both hydrological (Caspian Sea) and
meteorological factors. Seasonal variations result in a gradual rise of
groundwater level after a minimum in September/October, reaching a
maximum in March/April (Figure 2).

More detailed descriptions of the characteristics of the groundwater
regime within the Absheron peninsula are available elsewhere [e.g.
Israfilov, 2002; Israfilov and Listengarten 1978; Samedov, 1976) This
includes research which has been undertaken to determine the possible
natural long term trends in groundwater hydrodynamical parameters by the
special technique of the World Meteorological Organization. The results
have confirmed once again that all trends are related to the impacts of
anthropogenic factors only.

The Absheron peninsula is highly populated (4.12 million inhabitants in
2 cities and 83 settlements), and at the same time is one of the agricultural
regions, and the main oil-gas-producing region of Azerbaijan. The oil-gas
field exploration began here about 150 years ago. In those times, only about
15,000 inhabitants lived here, half of them in Baku. Due to the extreme lack
of fresh water resources (both the surface water and groundwater), it had
not previously been possible to develop any kind of agricultural or
industrial production. But from the beginning of the oil-gas exploitation and
the associated influx of local and foreign investments, the Absheron
peninsula for about 100 years became one of the most urbanized, industrial,
and overpopulated areas in the world. The lack of water resources in the
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Absheron peninsula is compensated by water imported from other regions
of Azerbaijan.

In 1893, the population of the Absheron peninsula used about 1000
wells for water supply, of which only about 150 yielded fresh water. In
1893, the first desalination plant to use Caspian Sea water was constructed,
and provided about 370 m’/day: in 1908, a second plant with a capacity of
about 1100 m*/day was constructed. From 1908, about 2500 m’/day of
water from the Kura river was consumed by steamships. Between 1917 and
1988, five water pipelines, the Samur-Absheron irrigation canal (about 9.0
m’/s) and the Jeiranbatan water reservoir (in the northwest of peninsula -
useful capacity 95 million m’) were constructed to convey water from
north-east Azerbaijan. The water pipelines supplied the cities Baku,
Sumgayit, and nearby settlements with 12.5 m’/s, 4.0 m*/s and 3.5 m*/s of
potable water respectively. Industry draws water from the Caspian Sea at a
rate of 8.7 m’/s. About 1.3 m*/s of groundwater is produced from wells to
meet industrial demand, to irrigate, etc. The large amount of imported water
is the cause of the significant changes in the hydrogeological conditions of
the Absheron peninsula. The anthropogenic impacts have caused both
groundwater level changes and pollution. The groundwater balance for the
Absheron peninsula for 1999 is shown in Table 1.

Table 1. Groundwater balance.

Inflow Thousand mm/y % Outflow Thousand mmly %
m3/y m3/y
Precipitation 38900 39 11 Evaporatio 22806 23 8
n
Condensation 10984 11 3 Abstraction 29191 29 10
by wells
Irrigation 38135 38 11 Flow to 1603 2 1
lakes
Underground pipe 228005 227 66 Flow to the 227959 227 81
leakage sea
Oil field waste 23441 23 7
water infiltration
Flow from 7096 7 2
confined aquifers
Total 346559 345 100 Total 281560 280 100

The net accumulation of groundwater in the Absheron peninsula is 65 x
10° m’/year and this is the cause of the changes to the hydrogeological
systems.
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Figure 3. Map of water table trends. 1 Increasing levels; 2 decreasing levels; 3 ~ stable; 4
areas with artificially supported stable long-term level; 5 impermeable deposits; 6
observation wells, with number (numerator) and trend value, m/year (denominator); 7 region
where there is only sporadic development of the aquifer.

The dominating factors which affect the groundwater beneath different
areas of the Absheron peninsula are infiltration from underground pipes,
irrigation, the Absheron Canal, oil field waste waters, and meteorological
and hydrologic influences (Figures 4, 5). Across nearly the whole area,
these factors influence the groundwater systems in various combinations,
eight main combinations having been identified. So, on the maps of Figures
4 and 5 they are presented according to the prevailing factor. The scale and
magnitude of the effect of each factor is not the same, and it is hard to
define the degree of influence of each factor separately. Thus, for
quantitative assessment of the groundwater response to the current loading,
trends were examined, linear and non-linear regression calculations being
undertaken on all 137 long-term groundwater level data sets. The results
have been compiled into a map of groundwater level trend distributions
shown in Figure 3. The values of the trends vary considerably, from -0.33
m/year to +0.78 m/year. This indicates the complicated nature of the current
processes.
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5.2 Hydrogeological Zoning

The hydrogeological zoning of the Absheron peninsula has been
attempted by several researchers for various purposes and using different
principles. In 1947 a zoning scheme for the peninsula for the purpose of
water supply was set up by H. Yu. Israfilov. This scheme was based on the
genetic type of groundwater regime, the stratigraphic characteristics of
aquifers, and their resources (Israfilov, 1947). With the same purpose,
Listengarten made a new zoning on the basis of the lithological
characteristics of the aquifers, the depth of occurrence of the groundwater,
and its chemical composition (Israfilov and Listengarten, 1978). On the
basis of regime types, B.M. Samedov erected a zoning scheme for land-
reclamation purposes (Samedov, 1976). The recent studies of the
hydrogeological setting of the Absheron urbanized area have allowed a new
scheme of hydrogeological zoning to be devised, with the purpose of
helping assess groundwater protection, management, and sustainable
development (Figures 4 and 5).

The defined taxonomic units characterize the following features:

e - the first order of the classification is characterized by various
geological structures, difference in relief, groundwater recharge
processes, transit and discharging areas.

e - the second order is characterized by various physical-chemical
properties of aquifer;

e - the third order is characterized by various values of hydraulic gradient;

e - the fourth order is characterized by various types of groundwater
occurrence;

e - the fifth order is characterized by various areas of normal and
abnormal conditions of groundwater formation;

e - the sixth order is characterized by types of groundwater regime
formation.

In addition to the abovementioned purposes and depending on the
hydrogeological setting, the map developed from applying the zoning
scheme can be used while assessing likely hydrogeological changes, for
land-reclamation purposes, for groundwater resource assessment, for
hydrogeological process modelling, for planning monitoring schemes, etc.
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Figure 4. Map of hydrogeological zoning of the western end of the Absheron peninsula. For
legend, see Table 2.

Figure 5. Map of hydrogeological zoning of the eastern end of the Absheron peninsula. For
legend, see Table 2.
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Table 2. Classification system and legend for Figures 4 and 5.
Order Div
1 Tectonic 1 I: Djorat-Sabunchi-Zikh anticline; II: ~Kurdakhani-Kala-Zirya anticline;
Provinces III: Bilgyah- Mardakyan-Shuvalan syncline. IV: Zirya synclineV:
Bina-Hovsan syncline. VI: Baku syncline. VII: Sumgayit syncline.
VIII: Coastal region
2" Lithology 2 Clays
3 Loam
4 Sandy loam
5 Sand
6 Sand with shingle
7 Shelly sand
8 Shelly sand with shingle
9 Shingle
10 Alternation of clay
11 Limestone
12 Limestone with shelly sand
13 Limestone-shelly sand with shingle
14 Borders zone of tectonic structure development
15 Borders zone of different lithological structure
3" Drainage 16 Intensively drained with hydraulic gradient > 0.01
17 Moderately drained with hydraulic gradient 0.005-0.01
18 Weakly drained with hydraulic gradient 0.001-0.005
19 Poorly drained zone with hydraulic gradient < 0-0.001
4™ Water 20 a)<2m
Table Depth 21 b)2-5m
22 ¢)>5m
23 Borders zone of various drainage
24 Groundwater flow directions
5™ Natural/ 25 A - natural factors dominant
Anthropogen 26 B — anthropogenic factors dominant
6™ Dominant 27 Natural — meteorological
Impact 28 Natural-hydrological
29 Infiltration of irrigation
30 Leakage from underground pipelines
31 Artificial underground withdraw of flooding areas
32 Infiltration from canal
33 Production
34 Oil field waste waters
35 Border between zones of natural & anthropogenic factor dominance
36 Gutters of waste oil field water
37 Irrigation canal

6. CONCLUSIONS

In urbanized areas there are many types of influence on groundwater
specific features of urban loadings (natural and

systems.
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anthropogenic) can be described by the following characteristics:
multifactor; varying effects on either or both recharge and discharge:
irregularity in time and space; concentration within a limited area.

The character, rates, and degree of change in hydrogeological conditions
are as much directly dependent on the joint action of the loads imposed by
anthropogenic influences as they are on the specific characteristics of the
geological, hydrogeological, and hydrological conditions. Irrespective of
features of the natural system, the presence of anthropogenic influences on
groundwater results in the development of deleterious effects within the
majority of urban areas. For the study of urban hydrogeology, it is
necessary to develop and use special strategies and methods if the aims of
management and sustainable development of urban water systems are to be
achieved.

For developing and performing scientifically justified management and
sustainable development of urban water systems, it is necessary to obtain as
complete a set as possible of accurate information and data on the initial
parameters listed above. This information can be presented in a more
universal, rational, and informative way by using hydrogeological zoning
techniques. These should be based on the characteristics of the tectonic
development, lithological make up of the aquifer and vadose zone, the
depth of the groundwater table, drainage, the characteristics of the changes
in groundwater properties, etc. Such zoning allows assessment of the
current groundwater condition, and should be applied to solve prognostic
tasks, including the determination of what anthropogenic activities may be
allowed. Results of these studies together with worldwide knowledge of
urban groundwater problems allow important areas of further research to be
identified. They include:

e development of principles for the optimal design of observation
networks in urban areas that would provide complete
information on natural and anthropogenic impacts on
groundwater at regional and local levels;

e development and improvement of methods for assessing impacts
of natural and anthropogenic influences on groundwater
conditions;

e construction of universal (multi-purpose) interactive real-time
mathematical models of groundwater movement in the urban
areas to predict changes in hydrogeological conditions and limit
anthropogenic impacts on the environment;

e development of improved methods for predicting changes of
hydrogeological conditions; and

e development of improved understanding of the relationship
between hydrogeology and environmental change, economics,
and potential ecological disasters.
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MUNICIPAL WATER SUPPLY

M.A. Mammadova' and Sh.I. Pashayeva’
'Baku State University, Zaid Khalilov, 23, Baku, Azerbaijan 2 Geology Institute, Azerbaijan
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Abstract: The historical development of water supply sources for the populations of
Baku and the Absheron peninsula are described and their water-quality status
indicated. The area is an intensely populated part of Azerbaijan subject to the
pressures of the urbanization and increasing population densities. As such
there are significant pressures on existing water resources and a need to
identify supplementary supplies from groundwater sources. It is proposed
that future supplies should come from the good quality groundwaters within
the Quaternary deposits of the Greater Caucasus foothills of the Samur-
Devechi plain. A further possible supply is from the Ganyh-Agrichai Plain.

Key words: Baku, Azerbaijan; public water supply; pipeline; canal; spring; quality;
potable water; contamination; imported water.

1. INTRODUCTION

Baku city is the capital of the Azerbaijan Republic. It is a very urbanized
area with an urban population of some 1.9 million (excluding refuges). It is
a significant industrial, scientific, and cultural centre, a major west coast
port on the Caspian Sea, and the Silk Way gate to Europe. The city is
located in the southern central part of the Absheron peninsula, in a natural
terraced amphitheatre of 250 km”. From a water resource and supply point
of view, it is reasonably located with freshwater resources potentially
sufficient to serve not only the population of Baku but also the surrounding
Absheron peninsula agricultural sector. There are, however, significant
urban and expanding population pressures upon the water resources present
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and there is an ever present need to protect the currently used resources as
well as identify new resources (Israfilov, 1998).

The aim of this paper is to describe the water resources and supplies
currently available to the city and its surroundings, and to identify
supplementary supplies that are currently under-utilized but have capacity
to serve as a future, sustainable supply.

2. HYDROGEOLOGICAL SETTING

Natural conditions such as the absence of rivers, marine sedimentary
deposits in which clayey facies predominate, low annual rainfall (180-
280 mm/year), high potential evaporation (1200 mm/year), and complex
geological structure militate against the formation of a sustainable fresh
groundwater resource. This is true for both the Baku trough and the wider
Absheron peninsula. Generally, potable groundwaters with mineralization
(total dissolved solids, TDS) less than 1 g/l are absent. Moderately
mineralized groundwaters (1-3 g/l) suitable for some industrial/agricultural
needs are distributed sporadically in the east of the peninsula (Figure 1). In
the Quaternary sedimentary rocks of Baku, particularly in the western part
of the peninsula, groundwater supplies are sporadically distributed. Only in
a small area of the Guzdek trough are the groundwaters fresh; their
potential does not exceed 240,000 m’/day. Confined groundwaters are
highly mineralized, i.e. saline, throughout the area.

3. HISTORICAL WATER SUPPLY DEVELOPMENT

The primary source of water supply to the Absheron peninsula and Baku
city [Icheri Sheher (“Inner City”)] population before the oil boom was the
fresh groundwaters. Their exploitation was largely “manual” with small
local-supply wells and “ovdans”. They originally numbered 800-900 in the
Baku area compared with 25-30,000 on the peninsula at present.

In 1883, about 12,200 people lived in Baku. The growing population led
to a need to locate and develop further sources of water supply. The
existing local water quality deteriorated due to general mineralization
increases and bacteriological contamination due to poor sanitation and
effluent disposal. Water shortages were increasingly apparent. Initially,
some of the population used sea water desalinated at Bailov by “Arthur
Coppel Co.”. The daily volume of this supply was less than 10,000 litres.
Further, their quality failed to meet the requirements of the “Potable Water”
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standard with ferric oxide typically precipitating out. Other private water-
desalination companies also existed: however, because of their high price
and dubious quality their water was not made available to all city residents.
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Figure 1. Schematic map of the Absheron peninsula groundwater use prospects. 1. Areas of
low TDS groundwater suitable for industrial purposes. 2. Areas of practically unusable
mineralized groundwater. 3. Areas of sporadic distribution of groundwater of variable
chemical composition. 4. Areas where groundwater is practically absent. 5. Boundaries.

Around this era, the city’s population was predominantly composed of
labourers for the oil industry drawn from rural Azerbaijan and neighbouring
countries including Russia and Iran. The oilfield settlement populations had
to use industrial water condensates for their supply which was far from
satisfactory. Infectious diseases were observed among the city population
and in part ascribed to poor water supply. Since 1897 the town council had
supplied additional water from the mouth of the River Kura by barges via
the Caspian Sea. Even during the early years when Kura filtered water was
less contaminated by wastes derived from urban cities such as Tbilisi,
Gafan, Kajaran, and Ali-Bayramli, it still generally failed to meet the
potable water requirements. Thus historically water quality issues have
been significant.

The neglect of sanitary codes (disposal guidelines), frequent violations
of filtration rules, the hot climate, poor general sanitation lead to cholera
outbreaks. After the very significant 1892 epidemic, the town council
resolved to develop a centralized municipal piped water supply. But
development was slow, with little action before 1908 largely because
unacceptable sources of centralized water were proposed. These sources did
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not meet the needs of the existing population, either in terms of quantity or
quality, even without considering the burgeoning needs of industry and the
rapidly increasing population. According to the results of surveys
undertaken by V.G. Lindley in 1909 (IX Water Pipeline Congress), the
Shollar pipeline proposal was accepted as the most satisfactory supply
scheme. This extracted groundwater from the Quaternary deposits of the
Samur-Devichi plain around Shollar (Figure 2). It is known as the I Baku
pipeline.
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Figure 2. Map of anthropogenic features. Settlements; 2. Rivers; 3. Railways; 4. Roads; 5.
North Export Oil Pipeline; 6. Canals to be reconstructed; 7. New canals; 8. Land irrigated /
to be irrigated; 9. Water intakes in river beds; 10. Hachmaz water intake (II Baku water
pipeline); 11. Water intake of projected III Baku pipeline; 12. Shollar water intake (I Baku
pipeline); 13. State boundaries.

3.1 I Baku Water Pipeline

The central water supply project ultimately commenced in 1911 with the
first phase completed in 1917 and the second phase in 1926. The pipeline
output was 1.27 m’/s. The Shollar (I Baku pipeline) water intake is located
186 km from Baku, at the village of Shollar near the town of Hudat. The
scheme incorporated all the springs in the Farzali-oba and Shollar areas in
addition to 24 wells. Well depths varied, with 11 deep wells extending to
depths up to 216 m, and 13 shallow wells with depths of 40-70 m. Baku oil
magnates were part-funders of the scheme, with H.Z. Tagiyev, a well-
known millionaire and patron, being the main contributor. The output of
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water of the so-called I Baku water pipeline remains stable to this day and
the water quality also remains high.

3.2 IT Baku Water Pipeline

Urban expansion and the development of non-oil industries led to
increased water demand. Since 1926, hydrogeological surveys had been
undertaken by N.K. Ignatovich, V.P. Baturin, I.V. Pustovalov, N.D.
Kranopevtsov, and others, with scientific supervision by N.G. Pogrebov,
F.P. Savaranski, and others. Good supplies were identified in the nearby
Shollar-Khachmaz zone and the II Baku pipeline constructed. The
Khachmaz water intake had a capacity of 2.65 m’/s and consisted of: 55
wells of various depths located in two rows of 25 km length; a group of
springs; and a horizontal drainage system in the bed of the River
Velvelichai. The distance between well rows is 1 km; the distance between
wells in the first row is 200-300 m; in the second row distances increase to
500 m. 11 wells were 150 m deep, 44 wells were 300 to 400 m deep. The 9
wells drilled for withdrawal from the River Velvelichai reaches were 170 m
deep. The water intake was commissioned in 1942 and had attained full
capacity (2.65 m’/s) by 1956. The water quality is good.

33 II1 Baku Water Pipeline and Jeyranbatan Reservoir

Due to growing demand for economical drinking and industrial water,
especially for the food industry, hydrogeological prospecting (A.P.Popov,
A.H.Babayev) commenced in the Samur-Gusarchai interfluve. In 1969,
approval was obtained to develop reserves in the Quaternary deposits
amounting to 1.7 Mm’/d. At the time the water needs of Baku were 15 m’/s.

The location of wells for the intake of III Baku pipeline were chosen
following mathematical modelling (Askerbeyli et al., 1968). However, the
water intake construction had been refused by an expert group of the
Council of Ministers of the former USSR (Moscow). The reason for the
refusal was a lack of understanding of the impact on the forestland.
Additionally, little was known about the potential sources and impact of
groundwater contamination from agricultural, domestic, and, in particular,
waste disposal sources.

Since 1961, one of the additional sources of water supply for Baku and
Sumgayit has been the Jeyranbatan reservoir. It is supplied by the Samur-
Absheron canal with water from the Samur river. The water intake capacity
is 12.65 m?/s, with 4-5 m?/s at present supplying Baku. This open reservoir
is constructed in a natural depression with salty bottom sediments. In
principle the reservoir was destined for industrial water supply, but at
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present it is used for public drinking supply needs. Recently, due to the
construction of unsewered housing nearby, groundwater flow from
Hyrdalan settlement, and the influence of perhaps other sources including
atmospheric pollution from Sumgayit, increased contamination has
occurred in the reservoir.

4. RECENT DEVELOPMENTS AND CONDITIONS

Baku progressively developed in recent times (Akhundov, 1981). It
occupies nearly the whole area of the Baku syncline. This, with the planned
construction of big factories such as “AZON”, “Baku Air Conditioners”,
“Jewellery”, etc., water shortages forced the Azerbaijan Government to
build I and II Kura intakes near M. Talysh village, below the junction of the
Kura and Araz rivers.

Kura water contamination has increased since 1970-71. TDS in low-
flow periods reaches 1.2-1.3 g/l. The SO, and Cl contents are nearly 1.5
times their maximum allowable concentrations (MAC), and phenol, fatty
acids, oil products, heavy metals, etc. exceed MACs on occasion by 2-17
times. Waters of the Kura pipelines hence do not meet Potable Water
requirements.

Factors such as the occupation of 20% of Azerbaijan by Armenian
troops, the discharge of sewage from the cities of Gafan and Kajaran, and
the copper-molybdenum plants of Armenia are believed to be responsible
for significant increases in the degree of contamination of the River Araz
and the Kura pipeline supplies. There is (strangely) some support to use
Kura water to cover the deficit of potable water in Baku by withdrawal
from the Mingachevir reservoir. It is, however, known that on the border
with Georgia in the area of Shykhli village, the water is not potable.
Moreover, here and further downstream the contents of heavy metals, oil
products, etc. exceed MAC values.

4.1 Proposed Development of the Quaternary Deposits
of the Foothills of the Greater Caucasus

Taking into account the degree of Kura water contamination the
Government of Azerbaijan resolved to convey to Baku a good quality
supply derived from groundwater of the Quaternary deposits located in the
Greater Caucasus foothills of the Samur-Devechi and Ganyh-Agrichai
plains. The decision was made by the President of Azerbaijan, H.A. Aliyev,
at the end of 2002, and the Ministry was charged with its execution.

The operational reserves of the eastern margin of the Ganyh-Agrichai
plain (Oguz and Gabala administrative provinces) had been investigated,
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but a detailed survey had not been completed. Modelling performed
assuming regional operational reserves of 2 Mm’/d supported the
possibility of constructing a water intake of 80 km length that would yield a
water production of 15 m*/s. But further analysis showed that in the route of
the intake passed through a potential suffusion zone of the alluvial fans of
the Rivers Kishchai and Shinchai and that there were fluoride problems.
Additionally, the length of the intake would potentially cause river
interaction and ecological problems not currently taken into account. Due to
the lack of detailed technical, economic, and ecological investigations of
Oguz-Gabala province, the construction of the new intake has not yet
begun.

Results of further hydrogeological, ecological, and botanical studies
indicate that the interfluve of the Samur-Gusarchai is suitable for
construction of a new water intake (III Baku pipeline) with varying
capacities, potentially of 3 m’s, 6 m’/s, and 9 m’/s (Aliyev and
Mammadova, 2001). Additionally, if there was capture of the spring
runoff that drains into the Caspian Sea, a volume of 3 m’/s, then
the overall volume of available water may reach 12 m?s.
Modelling and hydrogeological calculations (E.K. Askerbeyli, F.Sh. Aliyev,
H.A. Huseynov) confirm that the proposed water intake capacity may be
met. Large drawdowns are only anticipated in the line between the
proposed wells and, for a water intake discharge of 9 m’/s, stabilization of
drawdown will occur within the first five years of its operation. Drawdown
is not anticipated to be significant in sensitive areas such as the zone around
the River Samur and the border zone with Dagestan.

Botanical and hydrogeological studies performed by the Institute of
Botany of the Azerbaijan National Academy of Sciences and the
Hydrogeological Expedition of the Ministry of Ecology and Natural
Resources (1985-1997) indicate that the water intakes of Shollar, Hachmaz,
and III Baku pipeline would not significantly impact the forestry of the
piedmont plain. Although there are inevitably some negative impacts on the
environment, the functioning of the I and II Baku pipelines over 80 and 50
years respectively suggests that large schemes can be relatively impact-free
and sustainable. There has even been relatively little general groundwater
level decrease. In fact over the last few decades some trends have exhibited
water level (Figure 3) and spring discharge increases (Figure 4).

4.2 Baku: Present Conditions

Significant urban water quality problems exist in Baku, the main
population centre. These are related to inadequacies in the water supply,
waste water, and industrial sewage systems. This is in spite of a municipal
water pipeline system being developed from ~1917 onwards (see above).
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Figure 3. Groundwater level and quality in zone influenced by anthropogenic factors: 1.
TDS (g/l); 2-4. Anions (HCOs3, SOy, Cl); 5-7. Cations (Ca, Mg, Na).

The sewerage system is in a worse state. Its capacity does not match the
volume of sewage. Sewers were built without taking into consideration
increased use or the salinization and aggressiveness of ground and
groundwater. Restoration of leaking sewers is slow, if it occurs at all.
These problems were becoming apparent after the development of the Kura
pipelines. Groundwater levels had increased sharply due to leakages from
the water-sewerage systems. At present in the central part of Baku,
groundwater occurs at depths of just 1-3 m (Figure 5) with much flooding of
basements. Alternation of clays, loams, and fine-grained sands cause the
development of suffusion, subsidence, and the destruction of some
basements; e.g. the State Philharmonic and 2™ Clinic Hospital #1 buildings
were unusable for more than 10 years due to such problems. Presently over
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300 basements in Baku are in poor condition and landsliding has occurred,
e.g. at the Bail slope, Akhmedli and Guneshli settlements, and in the inner
part of the western flank of the Baku ‘amphitheatre’.
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Figure 4. Discharge of springs in irrigation zone.

S. CONCLUSIONS

Baku and surrounding areas represents a challenging urban management
scenario, particularly in the sustainable water supply and sewage disposal.
The city has a complex relief and geological structure that may contribute
to some of its problems, e.g. sewage system leakage and landslides. The
area has developed its water supply system over the last century or so, but
is still significantly stressed due to both water volume and water quality
concerns.
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Figure 5. Groundwater levels in the central part of the Baku syncline.

It is clear that the groundwater-based schemes that supply the city have
played a pivotal role in alleviating the water supply problems and will
continue to do so with the proposed development of the Quaternary
deposits outside the city. Clearly with the increasing demands that arise
from population shifts to urban areas there remain many challenges in
achieving a reliable and sustainable supply for the city. Foremost amongst
these is the protection and safe utililization of the groundwater reserves
already in use and those proposed for exploitation in the future.
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GEOENVIRONMENTAL PROBLEMS IN
AZERBAIJAN
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Abstract: Azerbaijan’s environment is under pressure. Flooding from irrigation canal
leakage, irrigation return, blocked drainage systems, and leaking water pipes
/ sewers are the most significant problems. Associated phenomena include
groundwater level rise, salinization, and fertilizer contamination. Since the
start of the Samur-Absheron irrigation canal project, groundwater level has
risen by up to 20 m. Rise in Caspian Sea level has also caused flooding.
Landslides are triggered by slope erosion, irrigation, engineering works, and
increased loading. Soil contamination is a major problem in the oilfields of
the Absheron Peninsula. Mud volcanoes, deflation, internal erosion, and
abrasion are widely developed. This evaluation marks the start of a
geoenvironmental monitoring project within the Republic.

Key words:  Contamination; landslides; erosion; flooding; swamping; salinization; mudflows; mud
volcanoes; Absheron Peninsula, Azerbaijan; irrigation; flooding; canals; drainage;
Caspian Sea; groundwater level

1. INTRODUCTION

Situated in the Eastern Caucasus, the Republic of Azerbaijan occupies
an area of 86,600 km”. It borders Russia to the north, Georgia to the north-
west, Armenia to the west, and Turkey and Iran to the south. The Caspian
Sea forms its eastern border. In the 1920s, the Zangezur province of
Azerbaijan, situated between the regions of Nakhchivan and Zangelan-
Kalbajar, was separated from Azerbaijan and incorporated into Armenia.
As a result, Azerbaijan is divided into two separate territories that do not
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share a border. The capital of Azerbaijan is Baku, which has a population of
over 8 million.

The territory of Azerbaijan is distinguished by its natural characteristics
and distribution of resources. Climatically, the country can be divided into
three areas: a permafrost belt, dry semi-arid regions, and humid sub-tropical
lowlands. Its reserves of oil and gas, ore deposits, non-metallic and mineral
waters are of world importance. Oil exploration and refining, chemical
production, machine-building and other industries have been developed,
whilst the primary agricultural industries are cotton-growing, grain-
farming, wine-growing, and cattle-breeding. At present, practically all of
Azerbaijan is being developed under different fields of agriculture,
industry, health resorts and sanatoria, and town-planning. It represents a
complicated geoenvironmental system, affected by both natural and
anthropogenic factors.

2. NATURAL GEOENVIRONMENTAL
CONDITIONS
2.1 Geological Structure and Landscape Zones

The mountainous zones of the Greater Caucasus and Lesser Caucasus,
separated by the Kur-Araz lowlands, are the major geological structures
present in Azerbaijan. Though the mountainous Talish region to the south-
east is separated from the Lesser Caucasus by the Araz valley, it is
considered part of the Lesser Caucasus structural zone. Thus 3 regions are
distinguished as geostructural regions (i.e. having tectonic structures of the
first order): A — the mountainous fold zone of the Greater Caucasus; B — the
mountainous fold zone of the Lesser Caucasus; C — the Kur-Araz lowlands.
Within these regions, 18 hydrogeological basins with matrix + fracture
flow, matrix-flow, and fracture-flow aquifers have been distinguished
(Table 1).

Altitudinal belts for the mountainous fold territories are distinguished in
the landscape-geoenvironmental zonal scheme used here. The territories of
hydrogeological basins of pore-fracture waters, and the latitude-altitude
zonality of the remaining territories correspond to these belts. The latitude-
altitude zones are divided into the zone of leaching, the transition zone (with
both leaching and salinization processes present) and the salinization zone.
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2.2 Geoenvironmental / Hydrogeological Conditions
2.2.1 Introduction

The geoenvironmental assessment of hydrogeological conditions
includes the examination of the availability of drinkable groundwater, the
existence of any negative influence of the groundwater on its surroundings,
and the contamination state of the groundwater.

Table 1. Hydrogeological basins of Azerbaijan.

Geostructural regions Hydrogeological basins

A. Mountainous fold 1. Basin of Greater Caucasus (matrix+fracture flow aquifers)
zone of Greater II. Shamakhi-Gobustan basin (matrix-flow and fracture-flow
Caucasus aquifers)

I11. Basin of Absheron peninsula (matrix-flow aquifers)
IV. Samur-Gusarchay basin (matrix-flow aquifers)

B. Mountainous fold I. Basin of Lesser Caucasus (matrix-+fracture-flow aquifers)
zone of Lesser II. Nakhchivan basin (matrix+fracture-flow aquifers)
Caucasus III. Talish basin (matrix-+fracture-flow aquifers)

C. Kur-Araz lowlands 1. Sheki-Zakatali basin (matrix-flow aquifers)
II. Ganja-Kazakh basin (matrix-flow aquifers)
II1. Karabakh basin (matrix-flow aquifers)
IV. Mil basin (matrix-flow aquifers)
V. Jabrail basin (matrix-flow aquifers)
VI. Nakhchivan basin (matrix-flow aquifers)
VII. Shirvan basin (matrix-flow aquifers)
VIII. Mugan-Salyan basin (matrix-flow aquifers)
IX. Lenkoran basin (matrix-flow aquifers)
X. Basin of Jeyranchol Neogene foothills (matrix-flow
aquifers)
XI. Basin of Hajinohur (matrix-flow aquifers)

2.2.2 Fresh and low-salinity groundwater supply

Fresh and low-salinity groundwater resources are limited within the
territory of Azerbaijan and are distributed irregularly, thus causing
problems in water supply.

The mountainous regions of Azerbaijan are formed of Mesozoic-
Cenozoic rocks and characterized by significant relief, thick weathering
zones, fracturing, abundance of mantles of deluvial/eluvial loam, and river
valleys and small troughs of alluvial and fluvioglacial sediments.
Groundwater is mainly associated with the weathering zone and tectonic
dislocations. Shallow circulating groundwater, discharging as springs
usually at a rate of 5-10 I/s, is observed in valleys and ravines of the
foothills. Springs with much greater discharges (to 60-100 I/s) are
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associated with karstic limestone areas. Waters are fresh or occasionally
slightly saline. In mountainous zones, groundwater contained within
alluvial sediments in river flood plains has major economic importance.
The quantity of water yielded by these resources totals 40-60,000 m*/day.

Fore- and intermontane plains are the regions richest in fresh and low
salinity water. The aquifers here are formed by the convergence of alluvial
cones with Upper Pliocene-Quaternary and Quaternary alluvial and
deluvial/eluvial sediments of significant total thickness (300-500 m, rarely
1000-2000 m). These aquifers comprise boulders, gravel terraces, grits, and
sands. In the upper parts of the alluvial cones, groundwater is largely
unconfined: in the central and peripheral parts of the cones there are both
confined and unconfined systems. Depending on the characteristics of the
geological fabric, recharge rate, and drainage conditions of the water-
bearing beds, fresh and low salinity waters are widely used. Recharge of
intensive precipitation and surface drainage takes place in the upper part of
the alluvial cones. The central parts of the alluvial cones are zones of
groundwater transition and extensive redistribution between separate water-
bearing horizons. Continental deposits often pass into marine deposits
where thick zones of high-pressure groundwaters are found in lithologies of
favourable composition. Depending on the unloading conditions, these
zones contain fresh water (e.g. Samur-Gusarchay basin — A-IV) or low
salinity and salty waters (e.g. Mil basin — C-IV). In some cases (e.g. Jabrail
basin — C-V), underground water is associated mainly with less permeable
alluvium in the central and peripheral parts of the alluvial cones.

The total operational reserves of fresh and low salinity groundwater
stored within the piedmont plains of Azerbaijan has been assessed as about
24 million m’/day, 12 million m’/day of which is maintained and
approbated by the State Committee on Resources of the former USSR and
the Azerbaijan Republic. The Samur-Gusarchay (A-1V), Sheki-Zakatali (C-
I) and Ganja-Kazakh (C-II) basins of matrix-flow aquifers are distinguished
by their high productivity: 60% of all maintained resources in Azerbaijan
come from them. The water supply for Baku is provided by groundwater
from the Samur-Gusarchay basin.

The Jeyranchol (C-X) and Hajinohur (C-XI) basins of matrix-flow
systems are formed of Palacogene/Neogene clays and are characterized
within the fore-mountain plains by unfavourable hydrogeological
conditions. However, permeable gravels, sands, sandstones, and limestones
are occasionally present. Fresh and low salinity water occurs only in small
quantities; most of the water is of medium to high salinity. The Shamakhi-
Gobustan basin of matrix-flow systems (A-II) has more favourable
conditions.
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In the Absheron Peninsula, anthropogenic factors affecting underground
water reserves, such as leakage from irrigation channels, water pipes,
sewage and heating systems, and infiltration of water used in irrigation,
have caused the naturally unfavourable hydrogeological conditions of the
matrix-flow sequences to change considerably. The watering of this arid
area has raised groundwater level and increased groundwater resources, and
has also both decreased mineralization in some places and enriched the
chemical composition of groundwaters in other places.

In the lowlands of the Republic, particularly in the Mugan-Salyan basin
(C-VII) and parts of the Shirvan (C-VII), Mil (C-1V) and Lenkoran (C-IX)
matrix-flow Dbasins, unfavourable hydrogeological conditions occur.
Geologically, these areas are formed of continental-marine and marine
deposits of Upper Pliocene-Quaternary age, with the continental sediments
having a subordinate position. Underground waters are salty, with dry
residues of 100-200 g/1.

2.2.3 Natural protection of groundwater

The water-bearing stratum closest to the surface is never protected
naturally. All basins containing matrix+fracture-flow sequences are
assessed as poorly protected. In the Sheki-Zakatali (C-I), Samur-Gusarchay
(A-II), Jabrail (C-V), and Nakhchivan matrix-flow basins, groundwater in
the water-bearing stratum closest to the surface is not protected. Other areas
where fresh and low salinity groundwater are present are also assessed as
poorly protected, as is the groundwater of the Absheron Peninsula. Over the
rest of the region and in some fore-mountain plains, groundwater in the
topmost water-bearing stratum is relatively protected.

Over most of the Ganja-Kazakh (C-II), Sheki-Zakatali (C-I), Jabrail (C-
V) and Lenkoran (C-IX) basins, the water-bearing horizon is relatively
protected. In other regions with basins of matrix-flow sequences, the
confined aquifers are protected.

2.2.4 Geochemical conditions

Azerbaijan is rich in oil, gas, precious metals, iron, mineralized
geothermal waters, and different kinds of non-metallic and building
materials. As such, local geochemical and gas anomalies are observed in
various areas. Mercury, iron, and lead anomalies are observed in the Lesser
Caucasus, whilst in the ore-bearing areas of the Greater and Lesser
Caucasus, copper, cobalt, zinc, and manganese anomalies are observed. In
eluvial deposits and fluvial sediments, copper, lead, tin, cobalt, and nickel
anomalies are found. In areas with oil and gas condensate, methane
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anomalies are also observed, and there is a high strontium content in the
soil of oil fields. High radon concentrations are locally present in some
areas of the Lesser Caucasus.

Filizchay, Katsdag, Katekh, Mazimchay, and Sagator are some of the
biggest ore and polymetallic deposits in Europe: undeveloped deposits are a
potential danger to the environment.

2.2.5 Geodynamic conditions

Azerbaijan is a region of active geodynamic processes, with many
complex tectonic structures. Hundreds of seismic events of varying
strength occur annually: the most powerful earthquake of the 20th century
was the Shemakha earthquake in 1902. Registering 9 on the Richter Scale,
the quake destroyed the ancient capital of Azerbaijan. During the 20th
century, 20 earthquakes over magnitude 5 were observed, 13 of them
registering 7 on the Richter Scale, and four being magnitude 8 (1924 —
Imishli, 1931 — Zangezur, 1933 — Gubatli, 1968 — Ordubad).

Mud volcanoes are common in Azerbaijan, particularly at the south-
western margins of the Greater Caucasus, including that region of the
Caspian Sea. Over 220 mud volcanoes are concentrated in a comparatively
small area, many of them periodically active at present. From the crater of
the mud volcanoes, gas and water, sometimes with an oil film or containing
rock clasts, are educed and volcanic mud spreads down the slope, building
up a mud cone. At certain times, eruptions and explosions take place,
followed by large gas emissions and discharges of rock clasts to a
significant height. These volcanoes are not analogous to magmatic
volcanoes and are of great interest as a natural phenomenon: it has been
determined that they are associated with oil-bearing strata.

Mud volcanoes are one of the most dangerous geoenvironmental
phenomena in Azerbaijan. For example, an eruption from a mud volcano on
the Absheron peninsula caused landslides over 3 km. As a result, important
economic resources are put at risk.

Exogenous geoenvironmental processes are widely developed in
Azerbaijan. Significant environmental deterioration caused by exogenous
processes is present over a large part of the deformed, mountainous region
of the Greater Caucasus (area A), an area of intensive erosion, avalanches,
debris flows, and collapses. Flows, often thick and muddy, take place
within the Belokan-Sheki zone. Catastrophic mud flows repeatedly
destroyed the ancient city of Sheki and many other villages located in river
valleys. Within the Greater Caucasus, to the east of the Geokchay River,
increased regional erosion by landslides is seen within areas of Cretaceous
and Paleogene-Neogene clay, limestone, and terrigenous sediments. They
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are observed on the mountain slopes, plateau, and river valleys. The areas
affected by landslides cover many hectares. Landslides are especially
dangerous and cause great damage in the Shemakha, Ismailli, and Agsu
regions. Scores of populated areas, economic resources, and roads are in
danger of damage by landslides. Ravine erosion is also widely developed in
the region.

In the Jeyranchol and Hajinohur regions, badlands, clay pseudokarst,
landslides, ravine formation, subsidence, and river erosion are all prevalent.

Environmental deterioration by exogenous processes is especially
notable in the Absheron Peninsula. Landslides, ravine erosion, marine
abrasion, rockfalls, deluvium flows, rockfalls, mud volcanism, flooding,
soil salinization, subsidence, and deflation processes are widely developed
in the region. The largest and most active landslides occur in the western
part of the peninsula. Some of them are linked to the Baku trough, located
on the inner edges of its western and eastern slopes, outer, steeply sloping
areas at the back of the trough, and also in the central part of the peninsula.
Historically, the Bailov, Park, Akhmedli, and Zikh landslides have caused
great damage.

The Bailov landslide is the oldest and most powerful of these and
occurred between the present day Neftchilar Avenue and T. Bagirov Street
in Baku, from the old hotel ‘Intourist’ to the fire station. The Bailov slope is
a complex of ancient landslide deposits, formed over many thousands of
years with initial movements dating back to prehistoric times. Activation of
landslide processes began during a period of high sea level in the Caspian
Sea. Landslide processes reduced when the Caspian Sea level receded and
also as a consequence of climate change, but were replaced by erosive and
solifluxion processes. Evidence of old landslides is preserved today in the
form of damaged historical structures. An increase in landslides has been
observed over the last century, since the beginning of major construction
and oil extraction in the area. The biggest landslide, at a scale of ~ 250 m,
was in 1929. Tram lines and a number of buildings were destroyed. In
1936, the construction of a power station began in the area, and visible
slope movement became apparent. The rapid construction of a hospital,
residential housing and a zoo then increased landslide activity: between
1936 and 1939, slope movement occurred in the vicinity of Bail bridge and
the adjacent shoe factory, and the landslides which happened over the
period 1939-1943 caused the shoe factory to be completely destroyed.
Landslides last occurred in the area in 1952, 1953, 1957 and the 1960s. The
results of the investigation into the 1960s landslide showed the main causes
to be: large-scale leakage from water and/or sewage pipes into the ground;
over-watering of vegetation; leakage from the water supply pool in the zoo;
lack of systematic slope drainage; slope cutting during the construction of
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roads, communication infrastructure, and other buildings; and general slope
erosion. In February 1974, new slope movement took place that caused
great damage to underground communication lines, and deformation of
buildings and roads.

Starting in 1970, remediation works have been carried out on the slope.
A cloudburst runoff canal was built along the Bail slope, watering was
limited, the city zoo was moved, and water and sewage lines were repaired.
These actions helped to stabilize the slope until 1996. In early August of
that year, a broken water pipe on T. Bagirov Street on the upper part of the
slope produced a long period of water leakage and this, combined with
leakage from an underground reservoir, caused large-scale landslide
development. Heavy rainfall in July was also a contributory factor. The
decollement horizon of the new landslide coincided with the decollement
horizon of the landslide that took place in 1974. The landslide was in the
direction of the ‘Lukoil” petrol station, and landslide tongues formed in
Neftchilar Avenue, causing large-scale deformation of the ‘Parkcommuna’
building. The area of the landslide covered 0.8 ha, with a depth of 12-14 m.
The cloudburst runoff canals were reconstructed, slope stabilization was
carried out, pipes were repaired, reservoirs were emptied and fractures were
repaired. Despite this, the landslide was in a strained condition and
remained hazardous to many vital activities of the city.

The investigation into the 1996 event made it possible to predict the
timing of the next landslide. This took place on 6-7 March 2000 and, as a
result, 17 residential buildings in the Bailov ravine were destroyed, a
further 26 became uninhabitable, and 100 more were damaged. Industrial
and administrative buildings in Neftchilar Avenue and the ‘Lukoil” petrol
station were also destroyed. As a result of the advance of the landslide
tongue, 200 metres of public road were put out of operation, fractures were
formed in neighbouring buildings and in both the foot and the top of the
slope. As a result of side dislocation, many cliffs were formed and massive
blocks of various sizes and volume left behind. After a large block collapse
at the brow of the slope bordering the districts of Memorial and Shekhids, a
cliff of 35-40 m height was formed. The size of the region affected by the
landslide is 550-600 m from east-to-west and 350-400 m from north-to—
south, with the volume of material within the landslide calculated as 10
million m®. With the prognosis of specialists and the efforts of the first
author, the local population was evacuated eight hours before the landslide
and human casualties were avoided. Damage caused by the landslide was
great and, although some restoration work has been carried out in the area,
it is difficult to determine whether the slope has now been stabilized.

Intensive coastal erosion processes take place along the north and east
coasts of the Absheron Peninsula. Due to strong, persistent northerly winds
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peculiar to the peninsula, waves develop of great size and strength and the
sea bed along the coast is often exposed to subaqueous erosion. Flooding
and swamping of coastal areas are major hazards within the Absheron
Peninsula and the Baku region.

Variations in the Caspian Sea level and in particular its observed rise
since 1976, have caused a marine incursion over large parts of the coastal
regions and thousands of hectares of land have become useless, whilst
settlements, important industrial and civil buildings, main roads and
railways have been damaged.

Within the Lesser Caucasus (area B), different areas are subjected to
plane and ravine erosion, deluvium flow, landslides, and mud flow. The
highest mountains are subject to freeze-thaw and rock breakdown, and
deluvium flows and debris flows form as a consequence. The erosion of
ultrabasites results in easily transported deluvium and flows and landslides
are formed. In turn, these form landslide slopes of 3-5 km® in area and 20-
30 m or more in depth. Hazardous landslides are widespread in the
Kedabek region. In many cases deluvium flows and rockfalls are the main
sources of mud flows. Active mud flows of mixed clastic debris and water
are distinctive of rivers in the Nakhchivan region. A particularly powerful
mud flow in the Vanand valley of the Ordubad region of Nakhchivan in
August 1998 destroyed everything in its path, causing great damage.

In the headwater regions of rivers in the Nakhchivan Autonomous
Republic and the mountainous Talish region, exogenic geoenvironmental
processes can cause major damage. Landslide movements on steep slopes
in this area periodically destroy whole villages. An earthquake in Talish in
July 1998 reactivated many dormant landslide areas, some of which caused
extensive damage to the area.

Within the Kur-Araz lowlands (area C), the central Absheron plain is
characterized by ravine formation, edge erosion, landslides, subsidence and
solifluxion. Actively developing ravines are present on both banks of the
River Kur, up to the point where it flows into the Mingachevir reservoir.
Bank erosion occurs where the banks are cut into by the erosive part of the
river channel, and also on the ledges of high terraces. Conditions favourable
to landslide development are observed mainly on the right bank of the Kur.
Landslides are also observed within the Ganja-Kazakh plain, and areas of
subsidence are seen to develop within loess sediments. The confluence of
the rivers flowing from the southern slopes of the Greater Caucasus takes
place within the Sheki-Zakatala zone. Transportation and reworking of
clasts from older mud flows in the lower reaches and alluvial cones of these
rivers often results in the formation of new mud flows. Additionally, there
are areas of subsidence, river and ravine erosion, and flooding in this
region.
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Within the Low Kur area, subsidence in loess, loams and badlands, mud
volcanism, aeolian sands in South-Eastern Shirvan, quicksand development
within the Kur strip, flooding processes and the formation of solonchak
soils are all observed. At the edges of the Low Kur depression, especially
around the Mingachevir reservoir, clayey pseudokarst formed of easily
eroded Palacogene-Neogene sandy-clayey sediments is widespread. Serious
landslide processes periodically occur at the edges of the Mingachevir
reservoir.

In the eastern and central parts of the region, ground salinization
processes, which are mainly caused by climatic conditions and a high level
of mineralized groundwaters in areas with low drainage levels, are
developed. In such natural landscapes, favourable conditions for solonchak
accumulations arise. Salinization is mainly by chlorides, with sulphates
occurring in some areas. Salinization processes and flooding events restrict
soil usage and result in the deterioration of the area.

Flooding of the soil takes place within the lower part of Nakhchivan
Autonomous Republic, and the Ganja-Kazakh, Karabakh-Mil and Lenkoran
areas. It is caused by infiltration of irrigation water, and leakage from
irrigation systems and the main channels.

3. THE CHARACTERISTICS OF
ANTHROPOGENIC SYSTEMS

3.1 Background

The natural environment of Azerbaijan is under constant pressure from
anthropogenic exploitation and industries belonging to a variety of different
fields. Within the agrarian sector, irrigated agriculture and cattle-breeding
are well-established in the Republic, with cotton, grain, grapes, tobacco,
and subtropical vegetables being grown.

Azerbaijan is characterized by an arid climate and, in many areas, there
is insufficient water for the cultivation of land. In locations where water
resources are unevenly distributed it became necessary to remedy this
situation via the construction of irrigation channels. Within the Republic,
there are 205 irrigation systems, 40 reservoirs, and a thousand wells
extracting groundwater to serve 1400 thousand hectares of irrigated land.
The total length of these irrigation systems is about 450,000 km. The largest
channels are the Upper Karabakh channel, with a length of 172 km and a
supply of 114 m’/s, and the Upper Shirvan channel, 123 km long and
supplying 78 m’/s, both taking water from the River Kur, and the Absheron
channel, 178 km in length and supplying 55 m®/s from the River Samur.
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The largest reservoirs in the Republic are Mingachevir (16 x 10° m?)
and Shamkir (2.6 x 10° m®) on the River Kur, a waterworks facility on the
Araz (1.3 x 10° m®), Sarsan (0.5 x 10° m®) on the River Terter, Khachinchay
(23 million m®) on the River Khachinchay, and Ali-Bayramli (22 million
m’) on the River Agrichay. The total volume of these reservoirs is about 22
x 10° m®. About 11% of reservoir water infiltrates the surface and recharges
the groundwater system. Annual water use in Azerbaijan is 11-12 x 10°. m®;
with 18-20% of the water used for irrigation being lost.

In order to monitor changes in groundwater level, decrease and prevent
further salinization, and improve ground conditions, drainage collectors
have been constructed on 315,000 hectares of the Kur-Araz lowland: closed
collectors occupy 248,000 hectares of this area, whilst vertical collectors
cover 12,000 hectares. A trap-drainage grid covers 28,000 hectares. Over
35% of the collectors were built in the Mugan-Salyan (C-VIII) area, 29% in
Shirvan (C-VII), and 13% on the Mil (C-VI) plains. The average length of
collector drainage systems is about 20 m/ha over the whole irrigated area.
Annually, the system discharges over 5 Mm® water into the sea, with water
from the Kur-Araz lowland having an average mineralization of 10.5 g/l
(Alimov, 2001).

Groundwater is collected via pits, wells, and kahrizes (subterranean
canals), and there are many capped springs in mountainous areas and their
foothills. The depths of exploited wells are mainly 120-200 m.

During the most intensive periods of agricultural activity, the annual
groundwater output was 2.5-2.9 Mm’, but it has been 1.3-1.5 Mm® in more
recent years. The most intensive groundwater output occurs in the
Karabakh (C-III), Mil (C-1V), Ganja-Kazakh (C-II), and Lenkoran (C-1X)
groundwater basins. Only 8-10% of the total groundwater output is used for
drinking water supply and 3-4% for industrial uses. The vast majority,
86-89%, is used for irrigation. However, because of irregular water
distribution and a lack of access, a considerable proportion of the popu-
lation uses river and stream water for drinking and economic purposes.
Water supply is a particularly big problem in Baku, the Azerbaijani capital.
Unfavourable natural conditions (no major river, low precipitation, high
evaporation, a local geology formed predominantly of muddy deposits, and
high rock salinity) are present in the Absheron Peninsula where Baku is
situated. As a consequence, the large population of Baku satisfies its water
needs by exploiting groundwater from the Samur-Gusarchay basin and
water from the Rivers Kur and Samur.
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3.2 Contamination of Surface Waters

A number of Azerbaijani rivers contain chemical and organic compounds in
concentrations which exceed the maximum permissible concentration
(MPC). The basins of the two main rivers of Azerbaijan, the Kur and the
Araz , also occupy large parts of Georgia, Armenia, and Turkey.
Contamination from the large Georgian cities of Tbilisi and Rustavi means
that when the Kur crosses Azerbaijan’s borders it is already contaminated
(including a 5 day biological oxygen demand (BOD-5) of ~ 3.7 mg/l, 0.15
mg/l of oil products, and 0.03 mg/l of phenol). Within Azerbaijan, the Kur
becomes enriched with agricultural contaminants, from industrial, cattle-
breeding, and poultry farm runoff. In some places, the BOD-5 increases to
4.1 mg/l, oil products to 0.24-0.30 mg/I1, and phenol to 0.04-0.08 mg/1.

The second main river of Azerbaijan, the Araz, contains hazardous
contamination due to input from two of its tributaries, the Razdan and the
Okhchu. Copper content in the Araz is 25-50 times over the MPC and
phenol 6-15 times greater because the Okhchu River brings in industrial
runoff from the Gadjaron copper-molybdenum and Kafan copper-ore mines
of Armenia. High aluminium, zinc, manganese, bismuth, and titanium
content is also observed in the river runoff, which is red-brown in colour.

Poorly developed sewage systems in Azerbaijan, Georgia, and Armenia
mean that polluted runoff is discharged by tributaries into the Kur and Araz
systems, making them constant sources of contamination of the river water.
Within the Absheron Peninsula, a lack of river drainage results in runoff
being discharged into the peninsula’s lakes. In terms of contamination
protection, the rivers of the Samur-Gusarchay basin are relatively well
guarded.

3.3 Contamination of the Shallow Subsurface

Over large lowland areas in Azerbaijan, the shallow subsurface is
subjected to natural contamination in the form of salinization. The
following main salinization types are distinguished: chloride-sodium;
sulphate/chloride-sodium; and sulphate/chloride-magnesium/sodium. The
degree of ground contamination increases sharply below the zero horizon
(the absolute level of the Caspian Sea is determined to be -26 to -27 m from
the level of the Baltic Sea) in areas with poor or no drainage. Its value in
irrigated areas changes from 0.25% to 1-2%.

Local contamination of the shallow subsurface has been observed: by
organic and mineral fertilizers in irrigated areas and in land adjacent to
mineral fertilizer storehouses; by oil products within oilfields and oil
refineries; and by various chemical elements and compounds within some
industrial plants. In some years on local strips of the irrigated Karabakh
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slope areas (C-III), nitrate and nitrite contents in the unsaturated zone were
more than 10 times those present in the groundwaters below the water table.
Near the storehouses of mineral fertilizers, nitrite content in the unsaturated
zone was between 1.7 and 97.7 mg/kg, and hexaclorane (Lindane) from 0.1
to 0.4 mg/kg. Nitrate, phosphate, sulphate, chlorine, iron, and aluminium
contents are high in the unsaturated zone beneath a sludge storage area of a
Ganja alumina industry site. Contamination by oil products is very common
within the Absheron peninsula: over 30,000 hectares have been
contaminated here. The ground and unsaturated zone are contaminated to a
depth of 1.0 to 1.5 m.

34 Contamination of Groundwaters

Groundwaters are not subjected to regional diffuse contamination in
Azerbaijan, but local, point contamination of communal, industrial, and
agricultural character is observed. As has already been mentioned, the main
source of communal contamination is the lack or poor development of
sewerage and purification systems in many settlements. Waste water is
discharged into rivers, the sea, natural hollows, or specially dug holes, and
contamination of groundwater takes place by infiltration of already
contaminated river water or by migration of contaminants through the
unsaturated zone. It should be mentioned that it is difficult to achieve full
purification even with the available purification installations. For example,
even after purification, phenol (0.007-0.13 mg/l), BOD-5 (0.46-23.9 mg/l),
sulphate (960-1280 mg/1), and iron (0.5-5.0 mg/1) have all been found in the
groundwater of the region where industrial runoff from Ganja is discharged.
Within Azerbaijan, industry is mainly concentrated in the Absheron
Peninsula, within the cities of Baku and Sumgayit, and is less developed in
Ganja, Ali-Bayramli, Mingachevir, and Nakhchivan. Despite this,
groundwater in the Absheron Peninsula has a rather mixed chemical
composition and its mineralization varies from 0.4-0.5 g/l to 100 g/l or
more. The groundwater is also enriched by a large quantity of chemical and
organic compounds. Oil products contaminating the shallow system also
infiltrate the groundwater. In different areas of the peninsula, the oil content
of the groundwaters varies from 1.4-3.6 mg/I to 40.0-50.0 mg/l or more. In
some cases, radioactive contamination is observed in groundwaters beneath
the oilfields. Phenols, sulphites, anilines, amines, and aromatic
hydrocarbons are also present in the peninsula groundwater. Groundwater
beneath Sumgayit is also contaminated with heavy metals.

A particularly negative incident has been discovered recently in the area
of the Sumgayit chloro-alkali plant. Over many years production in the
area, errors in processing had enabled liquid mercury to penetrate into the
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ground and the groundwater. Our investigations showed that, just within the
vicinity of an old, non-functioning facility, about 80 tonnes of mercury was
accumulated at a depth of 6 m and about 8 tonnes of mercury was present in
a liquid waste mass of about 130,000 tonnes in the plant waste storehouse.
Besides the contaminated waste, a further 18,000 m® of material is likely to
have been utilized. It is thus highly probable that both the volume of
mercury and the area of utilized land within the plant are considerably
larger than these initial estimates indicate. Similar situations are also
present in other Sumgayit plants.

Periodically, 0.08-3.5 mg/l of aluminium, 3.5-50.0 mg/l of iron, and
0.003-0.004 mg/I of phenol have been observed in groundwater beneath the
liquid waste storehouse of the Ganja alumina enterprise. There is also an
increase in nitrite, nitrate, ammonia, and sulphate content.

Groundwater contamination by agricultural contaminants takes place
mostly in areas closest to mineral fertilizer storehouses. In these areas, there
have been found hexachloran levels of 0.01-0.6 mg/l, 0.02-0.15 mg/1 of the
insecticide sevin, and up to 0.5 mg/l ragar present in the groundwater.

Increased nitrite and nitrate content is observed in the groundwater of
irrigated areas, but the quantity does not exceed the maximum permissible
concentration (MPC). Nitrate and nitrite contamination of groundwater
takes place particularly near cattle-breeding farms: in some cases, the nitrite
content is 10-19 mg/l, and that of nitrate 12-145 mg/1.

There are levels of 0.01-1.2 mg/l nitrite and 2-75 mg/] nitrate in kahriz
(well/gallery complexes) waters of the Nakhchivan Autonomous Republic.
Bacteriological contamination of groundwater is observed in irrigated land
within cities, cattle breeding farms, and purification installations.
Contamination of confined groundwaters has not been observed.

3.5 Influence of Qilfield Activity

Azerbaijan is famous for its hydrocarbon reserves, with oil and gas
production carried out both on- and off-shore. Extracted oil is partially
refined in Baku and part of it is transported by the Baku-Novorossiysk and
Baku-Supsa pipelines, which distribute oil beyond the borders of the
country. The Baku-Jeykhan pipeline is being built, and it is anticipated to
be used also in the pumping of Kazakhstani oil. Much of the Absheron
peninsula is crossed by oil and gas pipelines. Vertical movements caused
both by tectonic and anthropogenic factors take place across all of the
peninsula: complex processes of uplift and subsidence of the Earth’s crust
occur at a rate of 6 to 28 mm/year with the southern part of the peninsula
subsiding at a rate of 0.21 to 5.68 mm/year. Local areas with the highest
and most unfavourable subsidence rates are linked to anticline arches,
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which are practically coincident with the Surakhani, Balakhani-Sabunchu-
Ramani, and Bibiheybat oil regions where oil production has been carried
out -for over one hundred years. Over most of the oil-producing regions,
subsidence does not exceed 8 mm/year. Taking into account the importance
of endogenous processes in surface subsidence, the long-term development
of oil- and gas-bearing deposits, and the decrease in rock pressure we
consider that the extraction of large quantities of groundwater during the
development of oil- and gas-bearing deposits has been significant too.

Oil-producing areas occupy 15,000 hectares of the Absheron Peninsula,
with about 100,000 m’/day of groundwaters being extracted. Around
35,000 m*/day of this water is pumped back into the strata to support rock
pressure during extraction. The intensity of groundwater extraction varies
over different areas from 1.5 to 10 m’/day/ha. In the older regions of oil
production mentioned above, where maximum subsidence is observed, the
greatest quantity of groundwater is extracted, with an intensity of 5.4 to 10
m’/day/ha. In areas where the extraction intensity does not exceed 1.5-2.5
m’/day/ha, the subsidence rate is 8 mm/year and it is evident that the
subsidence rate is dependent on the quantity of water extracted (Alekperov,
2000). In the regions of the oil refineries, contamination by oil products is
observed close to some oil pipelines.

3.6 Development of Ore Deposits and Power

With the exception of the Dashkesan group of iron-ore deposits, the ore
deposits in Azerbaijan (e.g. the Zaglic alunite deposits, the Paragachay
copper-molybdenum deposits, and the Gumushlu polymetal deposits) are
relatively small in scale. However, the extraction of materials used in
construction is rather intensive. The materials extracted are: limestone,
sand, clay, gravel, pebbles, facing materials, and some types of metallic
materials. Ten strip mines, extracting limestone, sand for use in
construction, and material for the manufacture of cement, operate in the
south-west of the Absheron Peninsula.

Using the Mingachevir, Shamkir and Yenikend reservoirs, there are four
hydroelectric stations on the River Kur, with a further hydroelectric station
at the waterworks facility on the River Araz, which not only provides
Azerbaijan with electric power but neighbouring states too. Besides these
there are a number of local hydro-electric and fuel-driven power stations.
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4. GENERAL GEOENVIRONMENTAL PROBLEMS

The diverse range of anthropogenic influences on already complex
natural conditions has promoted the development of many complicated
geoenvironmental situations across the large area that makes up the
Republic of Azerbaijan.

By scale and intensity, the raising of the water level to the Earth’s
surface has an important role to play in many of these geoenvironmental
situations. Water leakage takes place along all major and minor irrigation
channels, the large part of which infiltrates the ground, raising the water
level towards the surface. Flooding, swamping, and irrigation of arid areas
promote secondary salinization. Over large regions, trap drainage systems
have been obstructed and are not able entirely to drain infiltrating irrigation
waters. Migration of contaminants, mineral compounds and organic
fertilizers into the groundwater takes place. Flooding and swamping
adversely affect the Kur-Araz lowlands in particular, areas with poor
natural drainage. Flooding and swamping processes also raise anxiety in
some areas of the Absheron Peninsula, including Baku and Sumgayit.
Lands flooded particularly regularly are located on the outer part of the
Baku trough, forming a chain of deep, wide, flat-bottomed valleys with
shallow slopes, the valley bottoms being underlain by clays or loams. By
their origin, flooding of the Yasamal, Chakhnaglar-Boyukshor, Bulbul-
Karachukhur, and Zikh wvalleys can be attributed both to natural and
artificial factors; oil-field runoff is the main artificial factor. This runoff,
flooding a large area to the west and northwest of Lake Boyukshor, forms a
temporary lake which remains separate to Lake Boyukshor. A similar
picture is observed to the South of Lake Khoja-Hasan, around Lake
Girmizi, and also at the Putin lakes to the north of Karadag station. Many
areas in the vicinity of the Balakhani, Ramana, Sabunchu, and Surakhani oil
fields have been flooded because of this runoff.

Much of the land in the centre of the Absheron peninsula, stretching
from the Kurdakhan lakes to the Hovsan suburbs, has either already been
flooded or is under threat of flooding. The size of this area is 21-22 km long
by 1.5-5.0 km wide. Linked to the Bina-Hovsan trough, the cause of the
flooding was initially oil field runoff and then leakage from the Absheron
main channel. Over many years, runoff from the Buzovna-Mashtaga and
Gala oil fields has flowed in the direction of the lower elevation areas of the
Bina-Hovsan trough. Under the oilfields’ runoff regime, wells drilled here
in the 1950s demonstrate that a raising of the groundwater level occurred
before the Absheron main channel was put into operation. Seasonal
fluctuations are small, and water level variations are more strongly
influenced by variations in climate. Following the commencement of the
operation of the Absheron main channel and the beginning of irrigated
agriculture, the water level began to rise quickly in the north-west from
1959-1960 onwards, and in the southeast from 1964-1966 onwards. The
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rise in the water level was 10-15 m between 1962 and 1998, and the rise is
still continuing. This region is of particular importance due to its high
population and economic significance. Large settlements such as Mashtaga
and Bina and a number of villages are threatened by flooding.

The second largest flooded area is situated to the north of the
Jeyranbatan reservoir. Having formed due to leakages from the Samur-
Absheron channel and runoff from the industrial activities of Sumgayit, the
flooded region stretches from the north of the reservoir to Sumgayit. Large
areas within the city have been flooded because of leakage from
communication networks and the basements of many buildings are under
water. Chemical analyses show the origin of water taken from the
basements and water pipelines or the sewerage system. According to its
character, this flooded area differs from Bina-Hovsan. Whereas the
lithologies of the Bina-Hovsan trough are represented by permeable
limestones, sands, and sandy loams, in the Jeyranbatan-Sumgayit trough
they are represented by sandy loams, loams, and, rarely, sands and
sandstone. Besides this, the abundance of permeable deposits in the Bina-
Hovsan trough is incomparably greater than in Jeyranbatan-Sumgayit.
Relief also gives a different character to each area. The Bina-Hovsan trough
is bowl-shaped whilst the Jeyranbatan-Sumgayit area is relatively flat and is
flooded partly due to a lack of drainage across its borders.

Flooded basements occur in Baku. This can be very dangerous, resulting
in a deleterious change in the geomechanical properties of the ground,
weakening the foundations of buildings and other constructions. Basement
flooding has led to incidents of buildings being rendered unusable and also
of building collapse.

The rise in the level of the Caspian Sea from 1976-1977 brought
flooding of the seashore, of beach areas, and the main coastal roads. Since
1998, some stabilization of sea level has been observed and this has
reduced these flooding events.

Raising of the groundwater level and flooding have resulted in changes
in microclimate, a rise in humidity in residential lodgings, a deterioration of
sanitary conditions, the appearance of mosquitoes and other insects, and the
infection of the population by different diseases. Flooding brings a halt to
production in the largest industrial enterprises, can render land unusable for
agriculture, and can affect gardens and municipal parks.

Lakes occupy a significant place in the environment of the Absheron
region. Due to unfavourable natural conditions, all of them are salty and at
present salt is extracted from many of them. Groundwater plays a
considerable role in their replenishment. Lakes are formed because of
industrial and communal runoff. One main source is the discharge of waste
water from oil production. The Samur-Absheron and Absheron channels,
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irrigation water, and leakage from water pipes and sewerage systems also

play a significant role in supplying the lakes. Most of the lakes in the

peninsula have become a serious problem, complicating the
geoenvironmental situation both hydrodynamically and hydrochemically.

In characterizing the environmental condition of the lakes the following
points are relevant:

e unregulated effluent and water input from different sources promotes a
rise in lake levels, and an associated expansion of surface area;

e in corresponding conditions, a rise in lake level promotes the recharge
of groundwaters and increases in groundwater flow rates; in this regard
Lake Ganli Gol presents a great danger;

e in natural conditions, all lake waters are salty and unusable;

e because of industrial and communal runoff flow, industrial water input
and the infiltration of water used in irrigation, the lake compositions are
enriched in various contaminants, including bacteria, to such an extent
that the possibility of using purified lake waters is excluded;

e hazardous concentrations of chemicals and organic compounds and the
bacteriological composition of lake waters exclude the possibility
discharging to the sea without any corresponding purification
(Alekperov, 2000).

Being an integral natural feature of Azerbaijan, the Caspian Sea presents
an important natural geosystem influenced by geological, climatic,
hydrological, and meteorological factors. Whilst not examining in detail the
environmental problems of the Caspian Sea, which are not the subject of
this investigation, it must be mentioned that fluctuations of sea level and
anthropogenic factors play an important role in the environmental condition
of the sea. It has been determined that a rise in sea level brings additional
complexities to the complex hydrodynamic and hydrochemical conditions
of coastal regions, as indicated in several ways:

e The rise in sea level has caused a rise in groundwater level in coastal
areas;

e In order to prevent flooding a barrier over 2 m in height was constructed
in some coastal areas, and this obstructed groundwater movement,
decreasing the quantity of groundwater discharge into the sea, thus
further promoting arise in groundwater level;

e Inundation by rising seawater levels resulted in changes in the chemical
composition of the coastal groundwaters.

The other process complicating the geoenvironmental conditions is
landslides, activated in the main by anthropogenic influences, such as slope
cutting, flooding, construction work, and increased loading. Landslides are
particularly hazardous within Baku, around the borders of the Mingachevir
reservoir, along the Shamakhi-Ismailli highway, and in many settlements
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within the Great and Lesser Caucasus, the Nakhchivan Autonomous
Republic, and the Talish Mountains.

Mud flows have a negative influence on geoenvironmental conditions,
particularly in the Greater Caucasus and Nakhchivan regions: Sheki is
under the constant threat of mud flows.

Three large reservoirs — the Mingachevir, Shamkir and Yenikend
reservoirs — have been constructed along the 110-120 km length of the
River Kur. Locally, primarily within the Karabakh, Mil, and Ganja-Kazakh
groundwater basins, a considerable drop in groundwater level has been
observed as a consequence of their intensive exploitation during periods of
crop growth.

S. SUMMARY

Assessment of the natural geoenvironmental conditions of Azerbaijan,
suggests that the Absheron Peninsula, where ground and surface waters
suitable for drinking are practically absent, is distinctive in its
geoenvironmental conditions. Over much of the Peninsula, landslides,
subsidence, aeolian processes, abrasion, ravine formation, and solonchak
development have occurred. Large areas have been flooded and swamped,
there are many volcanoes, and over 200 salty and contaminated lakes.

Much of the Kur-Araz lowlands within the Mugan-Salyan and Shirvan
plains, where there is also a lack of suitable groundwater, is also
characterized by unfavourable geoenvironmental conditions. Soils and
rocks of the unsaturated zone have become saline whilst vast areas have
been swamped and flooded. In the east of the region, subsidence,
salinization, solifluxion, ravine erosion, and mud volcanoes are widely
developed.

Unfavourable geoenvironmental conditions in the Greater Caucasus are
limited mainly to mud and landslide processes and also are prone to large
earthquakes. There are useful groundwater reserves in the east.

Based on the large resources of usable, good quality groundwater with
limited anthropogenic impacts, the geoenvironmental conditions of the
large region of Sheki-Zakatali and the Samur-Gusarchay plains can be
assessed as relatively favourable. According to the criteria used to assess
anthropogenic influence on the environment, very intensive environmental
degradation is limited to the Absheron peninsula. Here flooding and
swamping of soils by irrigation systems, the Samur-Absheron channel, city
housing constructions, and activation of exogenous processes such as
landslides, all lead to the contamination of the ground and groundwater.
Ground contamination within the oilfields is a serious problem for the
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Absheron area, with incidents of oil products leaking from pipelines and
then percolating into the ground.

Environmental degradation in the Kur-Araz lowlands is assessed as
intensive due to flooding and secondary salinization from irrigation systems
and the main channels. The intensity of environmental change caused by
anthropogenic factors can be assessed as moderate over the rest of the
region. Recently, large-scale works have been carried out in an attempt to
remediate these ecological and environmental problems. Construction of
the Main Mil-Mugan collector, which drains salty and contaminated
groundwater within the Kur-Araz lowlands, has been completed. The
collector provides a means of draining flooded areas, and preventing
secondary salinization of the ground. Intensive reconstruction work on the
Samur-Absheron channel will help minimize leakage from the irrigation
system and improve water supply conditions in the northeastern part of
Azerbaijan. Large scale works are also being carried out in the Absheron
peninsula, particularly around Baku and Sumgayit, helping to reduce the
risk of flooding and swamping, and also to remediate those areas
contaminated by oil products.
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Abstract: This paper focuses on the reasons underlying the continuing derogation of
surface-water quality in Azerbaijan. Surface (river) water has been one of the
main sources of fresh water. The major river systems used have their sources
in neighbouring countries. There is, however, proven advantage of utilizing
groundwater rather than surface water as a supply source for urbanized
territories in Azerbaijan. The overarching reason being the greater natural
protection of groundwaters from pollution relative to surface waters. An
overview of water resources present and contamination problems observed is
presented. A case for increased groundwater supply in Azerbaijan is
presented as a solution to these challenging problems.
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1. INTRODUCTION

With rapid urbanization, water users have increasingly noticed a
reduction in supplies of naturally clean water. More than one in four people
now consume water that does not meet sanitary standards. The
environmental impacts of anthropogenic activity upon water resources in
particular have been significant. Mortality caused by infectious diseases
transmitted directly by poor quality drinking water has increased among
urban populations in recent decades, even in European countries, not to
mention countries with arid climatic conditions. During the 20" century,
International Hydrological Decades (IHD) were frequently declared by
UNESCO or UN for the purpose of water resources preservation. A general
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programme for establishing monitoring systems at representative river
basins, including groundwater basins, is now being proposed. Data collated
from monitoring results obtained both globally and within individual
countries have allowed regional patterns of water-salinity balance in both
surface and underground waters to be determined. The scientifically
soundest measures have been proposed for response to declines in water
quality, especially those caused by factors associated with urbanization.
Anthropogenic impact on the natural environment is frequently
underestimated that may ultimately have catastrophic consequences.

In the Republic of Azerbaijan, complex studies were also carried out on
the basin of the River Gyandjachay (representative of basin type Il within
the THD classification), which is located in the central eastern part of the
Lesser Caucasus. Though Azerbaijan is several times larger than its
neighbours Armenia and Georgia, its total surface-water resources are four
times less than those of Armenia and seven times less than those of
Georgia. Azerbaijan is situated at the downstream end of the River Kura
and, consequently, over 72% of its water resources are formed outside its
borders. Thus, in terms of the quantity and quality of waters reaching its
territory, Azerbaijan is dependent on its neighbours located within the river
basin.

The surface-water resources of the republic (29.2 km’/year) are not
sufficient to meet its general water requirements, particularly sanitary and
potable water demands. Water resources within the republic are not
unsurprisingly irregularly distributed with groundwater in some locations
forming the main, or indeed only, source of water supply. This paper
outlines the water resources present in Azerbaijan and contamination
problems present are overviewed. A case for groundwater supply is
presented as a solution to these problems.

2. WATER DISTRIBUTION IN AZERBAIJAN

Both surface water and groundwater are distributed irregularly within
Azerbaijan (Aliyev, 2000; Listengarten, 1983). Over large areas, they can
be highly mineralized or practically absent. This pattern is a consequence of
complicated  geomorphological conditions, geological  structures,
lithological variations in the upper levels of aquifers, the origin of water-
bearing rocks, and climatic aridity. Approximately 60% of the country lies
within mountainous areas, while 40% is in lowland-piedmont areas. The
altitude of the mountainous areas reaches 4480 m (Mountain Bazar-Duzi) in
the Great Caucasus, 2993 m (Mountain Murguz) in the Small Caucasus,
2500 m in the Talysh Mountains, and 3902 m (Mountain Kapydjyg) in the
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Nakhchyvan part of the Small Caucasus. The lowest parts of the Kura-Araz
Lowlands are 3-10 metres below sea level, with parts of the Caspian zone
being 26-29 m below sea level. The climate is sharply continental, from
mountain tundra to arid and semiarid climate, and altitudinal zoning is
observed in relation to precipitation that ranges from 150-200 mm to 900-
1600 mm annually. Air temperature varies from sub-zero to 35-45°C, with
an annual average value of 10-14.5°C. River drainage density varies from
202.2 km/km? in mountainous areas to 0.1 km/km” in the lowlands (Fig. 1).

The geology of Azerbaijan is formed of Mesozoic, Cainozoic and
modern deposits, in which underground waters, from fresh to saline, are
formed with some waters having thermal or mineral water designations.
Resources of the latter have facilitated development of sanatorium-resort
zones and hydropathical and mineral water bottling plants, their use as
alternative energy sources, and industrial production of iodine, bromine and
other micro-elements and salts for export.

Figure 1. Sketch map showing main geographical features of Azerbaijan.

The main resources of pure and low-mineralized groundwater are
concentrated in sedimentary deposits of piedmont plains, fractured and
vein-fissured rocks of mountainous regions, and alluvial deposits of river
valleys. Further details of these resources are provided later in Tables 5-8.
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3. WATER RESOURCES

In Azerbaijan, as in other countries, the original choices of settlement
locations were influenced by the availability of permanent water sources,
including the proximity of rivers, springs, and groundwater outlets.
However, local water resources have gradually become insufficient to meet
population requirements. Factors include the urbanization of territories,
increasing populations, establishment of industrial areas. Hence, additional
sources of water supply have been, and continue to be, sought. Water
supply to the population of urbanized territories in Azerbaijan is currently
undertaken via the following:

Local surface water resources;

Local groundwater resources;

Local groundwater and influent surface waters;

Local subsurface waters, influent surface waters, and groundwater.
Along with an improvement in living standards and the increase in water
requirements in urbanized areas, the ecological and geoenvironmental
situation has become more complex. Areas affected include Greater Baku,
Sumgayit, the Absheron Peninsula as a whole, and other large towns of the
republic. The River Kura and River Araz play a major role in the water
supply to many towns.

The River Kura has a total length of 1515 km, of which 906 km is in
Azerbaijan. It has a total catchment of 188,000 km®, and is the arterial water
course of the republic. Its waters are used for the supply of sanitary and
potable water to populated areas in the Central and Lower-Kura regions, as
well as for irrigation of lands on the Gyandja Plain and the Kura-Araz
Lowlands. Water is taken from the River Kura by canals, such as the Main-
Shirvan Canal (L =210 km; Q = 78 m’/s), Upper Karabakh Canal (L = 178
km; Q = 113 m’/s), Main Mugan System (L = 191 km; Q = 134 m’/s) and
other canals of minor importance, as well as by pump installations. The area
of lands irrigated by the River Kura and its tributaries is some 2.2 million
ha. Water taken from the River Kura is used for centralized water supply to
the towns of Mingechevir, Yevlakh (also partial groundwater supply),
Zardab, Gadjigabul, Alibayramly, Salyan, and Neftchala and to Baku City
(via the First and Second Kura Water-Intake Systems). Water taken from its
main tributary, the River Araz, is supplied to the towns of Imishli (also
partial groundwater supply) and Sabirabad.
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4. CONTAMINATION PROBLEMS

The urbanization of towns within the Kura basin and the development of
irrigated agriculture using fertilizers and pesticides have contributed to an
increase in demand for potable water and water for industrial and
agricultural purposes, which has caused a lowering of water quality within
the basin. Since infiltrated surface waters and infra-bed waters in the head
regions of fans of the Kura’s tributaries are the main contributors to water
resource formation in the piedmont plains of the Kura Depression, the
importance of protecting these sources from contamination is paramount.
The River Kura is a regional drain for the unconfined aquifers and, in some
cases, confined aquifers along its length. Its total catchment area of 183,000
km? is truly international and distributed as follows: 24,000 km” in Turkey,
24,500 km? in Iran, 36,400 km® in Georgia, 29,800 km® in Armenia, and
68,900 km® (downstream) in Azerbaijan. The main source of river
contamination is water discharged by towns situated within the transit zone
of the rivers Kura and Araz and of their tributaries. Of these towns,
Borjomi, Khashuri, Tbilisi, and Rustavi (in Georgia) and Dilijan, Gafan,
and Kadjaran (in Armenia), which discharge untreated water into the Kura
and Araz, and Mingechevir, Yevlakh, Zardab, Sabirabad, Imishli, Salyan,
and Neftchala, which discharge partially treated water, are of particular
importance. The latter five towns in the list are provided with canalisation
to the level of max. 30-40%.

The greatest contamination of river waters was observed over 1970-90
that coincided with a period of increased urbanization and development of
irrigated agriculture. After the collapse of the former USSR, many plants
and factories closed, and agricultural areas used for producing cotton,
grapes and other crops have reduced. Despite this, waters of the River Kura
presently fail to meet the requirements of the appropriate potable water
criteria for some contaminants, even at the border with Georgia as shown
by the Shikhly water sampling data (Tables 1 and 2).

According to data from water-protection institutions in Azerbaijan,
Georgia, and Armenia, the total volume of water discharged into the River
Kura during 1992 was estimated at ~575 million m’> with the following
allocation: Armenia - 300 million m’ (52%); Georgia - 250 million m’
(43%); and Azerbaijan - 25 million m® (5%). These values reduced during
1992 due to economical difficulties associated with the maintenance of
existing plants and factories, and the total volume of water discharged in
the Kura basin was 453 million m® (~120 million m’® less). The respective
discharged volumes were reduced to 212 million m’ in Armenia, 229
million m® in Georgia, and 12 million m’ in the Azerbaijan Republic.
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Table 1. Concentrations (mg/l) of N and P substances along the River Kura, Azerbaijan in
1999.
Location NHy NO, NO; Niotal Mineral P Piotal.
Shikhly 0.1 0.31 7.72 7.76 0.61 0.71
Yenikend 0.1 0.37 4.15 4.19 0.058 0.158
Mingechevir 0.06 0.018 2.81 2.88 0.054 0.182
Yevlakh 0.09 0.024 2.85 2.88 0.077 0.205
Piraza 0.09 0.011 2.67 2.68 0.075 0.175
Zardab 0.06 0.011 1.68 1.7 0.081 0.258
Mollakend 0.06 0.008 1.41 1.45 0.062 0.239
Surra 0.06 0.048 2.81 2.88 0.036 0.181
Alibayramly 0.12 0.021 2.98 3.04 0.067 0.183
Salyan 0.1 0.009 3.35 3.71 0.059 0.202
Banke 0.09 0.028 3.08 3.14 0.076 0.209
Mayak 0.08 0.015 2.82 2.84 0.055 0.189

Table 2. Concentrations (ng/l) of various elements along the River Kura, Azerbaijan in 1999
(< = less than detection limit).

Location Fe Si Cu Zn Al Mn Ti Bi Hg
Shikhly 0.18 8.7 11 7 104 178 158 5
Yenikend 0.18 7.4 18 10 15.8 112 5 5.8
Mingechevi
. 0.19 5.6 18 12 10 7.4 134 2.2 <
Yevlakh 0.28 43 14 6.4 6.4 6.9 <
Piraza 0.26 6 12 10.8 10 7.9 <
Zardab 0.17 6.6 20 13 11.2 10 15.8 32 <
Mollakend ~ 0.23 5.8 12 14 158 112 118 32 <
Surra 0.43 7.8 10 10 132 126 8 4 <
Alibayraml
y 0.2 7.4 19 14 10 7.2 14.2 <
Salyan 0.33 7.4 14 14 136 158 112 32 <
Banke 0.26 8.1 13 12 158 147 134 118 0.7
Mayak 0.23 6 23 13 8.6 10.7  12.6 3.6 1.4

More than 72% of the established water resources in Azerbaijan are
formed by inflows from bordering countries and, as such, presents the
republic with a complex situation, ecologically and hydrologically. For
example, the annual discharge of sewage waters into the basin of the River
Kura and its tributaries (e.g. the Araz, Okhchichay, Razdan, Agstafachay,
Alazan (Ganykh) and lori (Gabbry)) causes ecological damage. This has
lead to social, sanitation, and water consumption problems.
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The monitoring network of the Ministry of Ecology and Natural
Resources provides regulatory control and prevention of contamination of
surface and groundwater resources in the republic. Analysis of surface
waters typically provides data on dissolved oxygen, nitrite, nitrate,
phosphate, silicon, calcium, magnesium, sodium, potassium, sulphate,
chloride, bicarbonate, oil products, detergents, phenols, heavy metals,
pesticides, and suspended particles, as well as on the biochemical
consumption of ammonium and the total mineralization of the water
(Tables 1 & 2, and 3 & 4).

Table 3. Concentrations or organic chemical groups in surface runoff of the River Kura,
Azerbaijan in 1999 ( SSAS — synthetic surface-active substances (surfactants)).

Location Dichromate  BOD Oil Volatiles  Non- SSAS
COD (mg/1) products (mg/1) volatiles (mg/1)

(mg/l) (mg/1) (mg/l)
Shikhly 18.1 3.71 0.15 0.08 0.002 0.03
Yenikend 25.1 3.95 0.17 0.008 0.004 0.03
Mingechevir 19.4 291 0.18 0.01 0.005 0.05
Yevlakh 11.3 2.17 0.24 0.04 0.004 0.05
Piraza 19.8 1.83 0.07 0.006 0.003 0.03
Zardab 13.5 2.07 0.03 0.01 0.005 0.04
Mollakend 14.9 2.0 0.11 0.005 0.004 0.03
Surra 22.6 4.1 0.25 0.01 0.003 0.06
Alibayramly 18.9 3.34 0.15 0.10 0.006 0.08
Salyan 21.6 343 0.24 0.007 0.004 0.08
Banke 23.2 4.0 0.30 0.01 0.009 0.08
Mayak 18.7 3.2 0.19 0.011 0.011 0.06

Table 4. Specific organic compounds concentrations in surface runoff of the River Kura,

Azerbaijan in 1999 (DDT -  Dichlorodiphenyltrichloroethene;, HCCH  —
hexachlorocyclohexane (also known as lindane)).
Location DDT HCCH Benzene acid Furfural
(ug/h (ug/ (ug/ (ng/h)
Shikhly < 0.006 < <
Yenikend < 0.013 1 <
Mingechevir < 0.037 < <
Yevlakh < 0.015 < <
Piraza < 0.011 < <
Zardab < 0.013 < <
Mollakend < 0.005 < <
Surra < 0.031 <
Alibayramly < 0.025 < 0.54
Salyan < 0.031 < <
Banke < 0.048 24 <
Mayak < 0.031 2 <
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The analysis and statistical treatment of results obtained from laboratory
studies over many years has enabled the following classification of river
water in Azerbaijan to be produced (using the methodology of the CIS
Hydrometeorological Service):

1. Conditionally clean waters, with the total concentration of contaminants
not exceeding 1 maximum allowable concentration (MAC);

2. Moderately-contaminated waters, with total concentration of
contaminants from 1 to 3 times the MAC;

3. Contaminated waters with total concentration of contaminants from 3 to
5 times the MAC;

4. Waters with increased contamination, with total concentration of
contaminants from 5 to 10 times the MAC,;

5. Highly-contaminated waters, with total concentration of contaminants
exceeding 10 times the MAC.

It should be noted that increased contaminant concentrations are
typically observed in rivers during low water periods, when river drainage
is composed mainly of anthropogenic discharges and low groundwater
baseflow. Assessment of surface water contamination in Azerbaijan has
been undertaken via the above classification and indicates:

e Waters of the River Kura: have increased contamination (5-10 MAC) at
the Georgian border (Shikhly post); are moderately contaminated (1-3
MAC) from the border to the town of Mingechevir (including the water
reservoir with the same name) due to self-cleaning processes and an
absence of large facilities in the transit zone; are contaminated (3-5
MAC) in the middle section of the river (between Yevlakh and Surra);
and, have increased contamination (5-10 MAC) in the downstream
region (after the inflow of the River Araz).

e Waters of the River Araz: are highly-contaminated (10-17 MAC) at the
Armenian border; and contaminated (3-5 MAC) at the town of Saatly.

e (Contamination of water in the rivers Okhchichay and Akerachay, which
have their sources in the territory of Armenia, is in the range from
increased (5-10 MAC) to high contamination (10-17 MAC).

e Water from rivers on the southern slopes of the Great Caucasus are
conditionally clean to moderately contaminated (1-3 MAC).

e River water on the north-eastern slopes of the Lesser Caucasus
(Tovuzchay, Shamkirchay, Gyandjachay, and Goshgarchay) range from
contaminated (3-5 MAC) to increased contamination (5-10 MAC).

e Water from rivers on the north-eastern slopes of the Great Caucasus and
Talysh Mountains range from conditionally clean to moderately
contaminated.
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It is concluded from the water-quality assessment that river waters in
Azerbaijan are suitable as sources of domestic water supply only within
mountain areas. There are significant river water-quality problems
throughout other areas.

Upstream sections and tributaries of the River Kura in Armenia and
Georgia transport a large quantity of chemical compounds, some harmful
contaminants, into Azerbaijan. According to the Hydrometeorological
Service of the Azerbaijan Republic, these inflowing river arteries carry over
7662 tonnes of dissolved chemical compounds, 6060 tonnes of suspended
substances, 4-5 tonnes of oil products, 350 tonnes of phenols, and up to 300
tonnes of metal compounds (Tables 1 & 2, and 3 & 4). More than 60% of
these harmful substances are found in the River Kura, 25% in the River
Araz, and the remaining 15% in the rivers Ganykh, lori, Akstafachay, and
Okhchichay. These values demonstrate the ecological strain placed on the
catchment basin of the River Kura and show that its drainage is not suitable
for meeting sanitary and potable requirements of towns and populated rural
areas in Azerbaijan. Furthermore, an increasing number of acts of sabotage
and terrorism suggest that there is little prospect of this situation improving.

S. A CASE FOR GROUNDWATER SUPPLY

To some extent, all the factors discussed above are prevalent in the
larger river basins of the world, such as the Volga, Ural, Dnepr, Syr-Darya,
Danube, Amazon and Nile. The problem of contamination can be solved
only by the collaboration of bordering countries and international
authorities. Hence, in addition to new technologies and projects, a new
ecological monitoring system needs to be established. This requires
implementation of mutually relevant controlling conditions, mechanisms
for risk evaluation and minimization, and facile exchange of monitoring
materials/methods and data collated. No individual country is able to, and
nor should it be able to, accept ecological damage to the environment,
especially in respect to contamination of water supply sources. In recent
years, Azerbaijan has been unable to remedy the long-established situation,
rendering its surface water resources to an almost unsuitable condition.

Within this present context of strained surface-water resources, it is
pragmatic, along with water quality (derogation) and volume (depletion)
protection initiatives, to implement a complete transition to the use of
groundwater resources in that they are much more protected from
contamination. Groundwaters may form a significant supply of water to
urbanized areas that are under significant strain.
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Uncontaminated groundwater has been one of the main water supply
sources in Azerbaijan since ancient times. Prior to construction of the
water-intake systems for the Shollar water-supply network (1909-1917), the
first such network in Baku, recovery and use of groundwater was carried
out, along with the capping of springs and construction of karizes
(subterranean canals) and wells. The total number of karizes and wells in
the republic exceeded 1700 and 25,000 respectively. Necessarily, the rates
of urban development required the construction of centralized water-supply
and canal systems, especially in towns and urban villages. Unfortunately,
not all towns in Azerbaijan are provided with sufficient water volumes per
head at present, and the quality of the water consumed does not always
meet sanitary requirements. In many towns, only 30-60% of residential
buildings are covered by the canalization system.

The Government of Azerbaijan have adopted programmes for the
improvement of urban water supply and canalization systems. Over 60% of
the population of Azerbaijan live in urban areas. Besides the large
urbanized territories, such as Greater Baku, Sumgayit, Gyandja,
Mingechevir, and Alibayramly, with respective populations of 1,839,800,
290,700, 303,100, 95,100, and 72,100, there are 23 towns with a population
of between 20,000 and 100,000, and 25 towns with a population of between
5000 and 20,000.

One of the most difficult problems in the selection of water supply
sources is convincing officials and investors, who do not always take
decisions appropriate to guaranteeing water quality within the lifetime of a
water-intake system. In Azerbaijan, there are many who advocate the use of
water from the River Kura and other rivers to supply water for towns such
as Baku and Sumgayit. River systems play a regional role in the drainage of
surface waters and groundwater and, if territories adjacent to catchment
basins are developed, the rivers are likely to become contaminated. In the
case of a potential oil-spill emergency along the Western Export Pipeline or
Baku-Tbilisi-Ceyhan Main Export Pipeline, caused by natural and/or
anthropogenic factors (e.g. sabotage), it is not guaranteed that the waters of
the River Kura would not become contaminated. Water supply to
populations by centralized water-intake systems, especially in towns, must
be based on sources that are reliably protected from both long- and short-
term contamination.

All large towns in Azerbaijan are situated in piedmont or lowland zones.
As mentioned above, the recoverable groundwater reserves, which are
found in Quaternary sedimentary deposits, have been studied in detail
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(Aliyev et al., 1983), both regionally and within individual groundwater
basins (Table 5). They may form a major supply and significantly alleviate
current difficulties faced.

As in other arid regions of the world, most towns and villages in
Azerbaijan are situated alongside rivers and often occupy the upper parts of
their alluvial fans. Over time, these towns have expanded and become
potential sources of regional contamination of pure groundwater. Local
groundwater resources confined within boulder and gravel deposits (see
Table 6) are presently the main sources of water supply to these towns.
Rocks forming the overlying beds have good infiltration properties (Figure 2)
and their protection from contamination is very difficult under current
natural and anthropogenic conditions. In addition to taking certain measures
in the construction of facilities producing solid or liquid wastes and their
storage and transportation, it is necessary to establish a special-regime
monitoring network within zones of their perceived geographic impact.

Table 5. Recoverable groundwater reserves of pure (up to 1 g/l) and low-mineralized (1-3
g/1) water, Azerbaijan (as of 01.01.2004)(thousands of m*/d).

Demand for
Resource Demand for L.
i Expected . irrigation
Aquifer approved by  sanitary and
Resource L and
SCR drinking i i
industrial
Greater Caucasus mountains 1,008.87 31.0 7.8 12.4
Absheron Peninsula 241.92 0.3 0.4 0.5
Gobustan Not assessed 9.8 9.8 1.9
Samur-Devechi Plain 3,470.72 1,686.1 375.6 31.1
Ganykh-Agrichay Valley 3822 2,000.0 32.7 263.3
Gyandja Plain 4,218.6 4,218.6 91.3 751.3
Shirvan Plain 517.7 517.7 20.5 14
Garabakh Plain 1,857.9
. . 7,909.9 63.9 1,212,3
Milsk Plain 408.7
Mugan Plain (Talysh zone) 130 76.0 7.2 5.8
Lesser Caucasus mountains 989.4 98.9 23 N/A
Djebrail Plain 344 234.6 occupied by Armenia
Lenkoran Plain 209 86.0 13 48.3
Nakhchyvan Plain 902.2 902.2 56.1 85.9
Total 23,764.3 1,2127.8 701.3 2,426.8

Episodic studies, carried out during searches for and exploration of
groundwater resources, showed that there were no local areas where the
water content of individual chemical components exceeded permissible
levels. Even so, the establishment of a strictly enforced first sanitary
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protection zone is a necessity at every water-intake system. Within
Azerbaijan, only water-intake systems and the route of the first (Shollar)
and second (Khachmaz) Baku Water-Supply Networks have a sanitary
protection zone; in the other cases (e.g. Gyzyl-Gaya, Malbinasi, Fizuli)
there is only wire fencing at best.

Local studies determined that, under natural conditions, groundwater
within piedmont plains is not generally protected from the migration of
contaminants from the surface. This is a consequence of the lithological
composition of rocks in the aeration zone, which are typically gravels and
shingles, well-sorted sands, and sandy loams, while clay layers, which are
encountered in the peripheral zones of fans, are of insignificant thickness.
However, the thickness of impermeable clay deposits between groundwater
aquifer units and confining horizons exceeds 10-20 m, and, in almost all
confined areas of development, piezometric levels are such that upward
flows in monoclinal structures, are established leading on occasion to
artesian (spontaneous outflow) conditions (Figure 3).

Table 6. Centralized water-intake systems in Azerbaijan, operating by using river
underflows designed to meet town needs for sanitary and potable water.

Number of drainage Capacity of drainage

River Valley systems Towns using water Sy(slt/er)ns

s

Gusarchay 2 Gusar 44
Gudialchay 4 Guba 52
Girdimchay 1 Kyurdamir 45
Gurmukhchay 1 Gakh 81
Kishchay 2 Sheki 18
Gumbulchay 2 Belakan 9
Geychay 2 Geychay 85
Gyandjachay 1 Gyandja 78
Gargarchay 2 Agdam 52
Gargarchay 1 Gadjibedi 35
Shamkirchay 1 Shamkir 35
Terterchay 2 Agdere 7
Turianchay 2 Agdash 81

Pirsaatchay 1 Shamakhy 110
Kendalanchay 1 Fizuli 8

Nakhchyvan 4 Nakhchyvan 110
Lenkoranchay 3 Lenkoran 24
Astarachay 1 Astara 19

Active unconfined groundwater flow systems therefore play an
important role in protecting confined aquifer units. Nevertheless,
penetration of contamination still occurs to some degree. Predominant
groundwater flow is limited to the head regions of fans, where groundwater
flow systems are not yet divided by clay units to unconfined and confined
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conditions. Maps of natural groundwater protection have been issued
(Aliyev, 2000; and others) on a scale of 1:200,000 for all piedmont plains,
and for the Samur-Devechi and Lenkoran plains the maps were drawn to a
scale of 1:100,000. Such maps are the basis for establishing a system of
hydrochemical monitoring of groundwater.
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Figure 2. Hydrogeological profile along a line from Gusar through Khudat to the Caspian
Sea, Azerbaijan. Lithologies as follows: 1. Gravel and shingle deposits with sand inclusions;
2. Shingles with sand inclusions; 3. Sands; 4. Alternating sands and clays; 5. Loams; 6.
Clays; 7. Stratigraphical units and boundaries; 8. Lithological boundaries; 9. Groundwater
levels; 10. Wells. Triangles signify groundwater depth, in metres below sea level; crosses
indicate piezometric water level, in metres above sea level.
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Figure 3. Lithological composition of aquifers in continental deposits of low-lying regions,
Azerbaijan. Variations in gravel content of the water-containing rocks is as follows: 1 =
practically absent; 2 = up to 25 %; 3 = 25-50%; 4 = 50-75%; 5 = 75-90%; 6 = 90-100%.
Boundary keys as follows: 6 = areas with different shingle content in the section; 7 =
alluvial-proluvial and lowland plains).

Under conditions of intensive urbanization, the risk of negative impacts
on the environment and its constituent part, the underground hydrosphere,
increases with the greater demand for sanitary and potable water in towns.
Moreover, rational production and use of uncontaminated water requires a
careful approach to ensure preservation of not only the resources, but also
their quality. This is necessary in Azerbaijan as, in the near future,
groundwater resources will potentially become the only reliable source of
water supply to towns and populated rural areas. Historical groundwater use
in Azerbaijan involved water recovered by karizes in the 14™ and 15"
centuries and by wells in more ancient times.

From the 20" century, major well fields were developed for the
construction of water-intake systems for the First Baku Water-Supply
Network in 1909, at the north-eastern margin of the Samur-Devechi Plain,
near Shollar. Many wells were drilled during the last 50-70 years. The
number of wells used for the recovery of groundwater exceeds 15,000 at
present. Regular monitoring of the production and use of both natural
ground and surface sources, has been carried out in Azerbaijan since 1976,
while reserves of pure and low-mineralized waters have been approved
since 1969.
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Studies to forecast water reserves have been undertaken in the piedmont
plains (Aliyev et al., 2001), mountain and other piedmont zones. The
expected groundwater reserves (as of 2004) are 23.8 million m*/day, while
the reserves approved by the State Committee for Reserves are 12.1 million
m’/day (Table 5). Only 17-18 % of recovered groundwater is used for
sanitary and drinking needs, with the remainder used for irrigation (Figure 4).
High groundwater use for irrigation and other industrial requirements is a
direct consequence of the inability of local surface-water resources to meet
demand. Analysis of water supply to urban populations shows that large
periods have developed where no water can be supplied, and in many cases
water is supplied according to a timetable, with a maximum 2-3 hours
supply in the morning and evening.
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Figure 4. Changes in production and use of groundwater (million m3/year) in Azerbaijan,
1976-1997. 1 = quantity of groundwater extracted; 2 = quantity used for drinking and
industrial needs; 3 — quantity used for irrigation.

The groundwater reserves explored and exploited are sufficient to meet
sanitary-potable water requirements using centralized water-intake systems
(Table 7), even considering population increases and urbanization. The
reserves given in Table 6 consider water requirements of populated areas
until 2015. Since the collapse of the USSR, design and construction of new
water-intake systems has terminated. Moreover, existing designs and
documentation (including those on the exploration and assessment of
groundwater reserves) were lost upon liquidation of the design institutes
(Bakvodokanalproyektand Yuzhgidroselkhozvodosnabzheniye). Centralized
water-intake systems which recover groundwater from fans within
piedmont plains, such as Shollar, Khachmaz, Gusar and Fizuli, are not the
only such systems operating in Azerbaijan. The republic also has a number
of water-intake systems that function using river underflows (Table 7).
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Table 7. Prospective areas for centralized groundwater systems for recovery of groundwater,
where respective recoverable reserves are approved by the State Commission for Reserves.

Aquifers Supply for Reserves, Current Status
1000 m*/day
Quaternary Baku, Sumgayit, and 1,686 The Water-Intake System
Absheron Il of the Baku Water-

sedimentary deposits
Samur-Gusarchay area
Quaternary deposits of the
Ganykh-Agrichay Valley —

fans of the Rivers
Dashagylchay, Talachay,
Gyungyutly, Garachay,
Akhokhchay, and
Gurmukhchay

Quaternary deposits of the
Gyandja Plain: Molla
Djafarly, Ashagy Ayibly,
Garayeri, Dalimamedly,
Muzdurlar.

Quaternary deposits of the
fan  of  the River
Gyandjachay — Gyandja

Underflow  waters  of
alluvial deposits of the
River Dzegamchay

Jurassic fracture-matrix
flow deposits around town
of Khankendi

Underflow  waters  of
alluvial deposits of the
River Gargar

Quaternary deposits of the

fan  of  the River
Gargarchay

Quaternary deposits of the
Garabakh Plain in

Gasanchay, & Kalantarly.
Quaternary deposits of the
Milsk Plain

Quaternary deposits of the
Milsk Plain (Araz zone)

Groundwaters
(Quaternary) of the
Batabad Urotchishche

Quaternary deposits of the
fan of the River Eastern
Arpachay, Nakhchyvan
Plain

Towns Balaken, Zakatala,
Sheki, G Rural areas:
Gazakh District,

Sheki District,

Oguz District abala, and
Ismailly

Population of rural
districts:
Gazakh-Agstafa,
Khanlar, Geranboy

Tovuz,

Population of the town
Gyandja

Villages Yapykhly and
Alakel of the Tovuz
District

Population of the town
Khankendi

Population of the towns
Khankendi and Khodjaly

Population of the town
Agdam

Population  of  Agdere
town; rural population of
Terter and Barda districts
Population of the town
Beylagan

Population of the town
Fizuli

Population of the town
Nakhchyvan

Population of the town
Nakhchyvan,  populated
areas of Sharur and Babek
districts

Respectively: 19.3; 35.5;
80;15.2,and 11.3. 13,
48.7,and10.5

Respectively:
33.4,31.2,44.9 and 20.5

200.8

39.3
38.4+14.7 =
52.4

42.1
455

72
37

243

Supply Network
suspended from 1980.

Centralised ~ water-intake
systems have not been
designed, and waters are
recovered by decentralised
wells (towns) or individual
wells (rural).

Water-intake systems have
not been designed, and
individual sub-artesian
wells are functioning

More than 200
decentralised sub-artesian
wells and karizes

functioning

Water-intake systems have
not been designed
Operated by individual
wells

Water-intake systems not
yet designed.
Operated by individual
wells

Water-intake systems have
not been designed.

Partly by individual sub-
artesian wells

Operated  below  full
capacity

Water-intake systems not
yet designed.

Centralised intake systems
not yet designed.
Individual wells are
functioning.

The Government of Azerbaijan, with local specialists, has commenced
design of water-supply systems and the construction of canals in the towns
of Geychay, Agdash, and Nakhchyvan. Funding is from the Asian Bank of
Development. Good quality groundwater reserves in fans of the rivers
Turanchay and Geychay has been selected to supply the towns of Agdash
and Geychay, with River Nakhchyvan alluvial deposits selected for the
town of Nakhchyvan. The water supply scheme to towns in Azerbaijan is
outlined in Table 8 that forms the basis for selection of water supply
sources by the Government of Azerbaijan and foreign investors.
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Table 8. Requirements (until 2010) and potential sources (by use of groundwater) of water
supply to towns and villages in Azerbaijan.

Requirement to

Towns/ Water Use 2004 2010 Proposed potential sources of water supply
Villages (m’/d)
(m’/d)
Greater Baku, 306,849 1.784.054 Samur-Gusarchay interstream area (9 m*/s) and Oguz;
,184, P : 3
Sumgayit 145,000 Gabala District, Ganykh-Agrichay Valley (15 m’/s)
Gusar 1,560 31,050 Underflow yvaters of the River Gusarchay and Samur-
Gusarchay interstream area
Guba 7,640 26,600 Gesl?er springs and underflow waters of the River
Gudialanchay
Khachmaz 12,100 29,960 Underground waters of the Samur-Gusarchay
interstream area
Devechi N/A 25,125 Underground waters of the Samur-Devechi Plain
Siyazan N/A 66,060 Underground waters of the Samur-Devechi Plain
Khyzy N/A 12,000 Capping of springs in t'hc Khyzy zone and underground
waters of the town territory
Underflow waters of the River Pirsaat and underground
Shamakhy 4,000 158,450 waters of the Ganykh-Agrichay Valley
Underground waters of the Ganykh-Agrichay Valley — 1
Belakan 1,300 19,300 km to the south of the village Katsbina
Underground waters of the Ganykh-Agrichay Valley,
Zagatala 3,700 35,470 which are situated in the vicinity of the village Ashagy
Tala
. Underground waters of the Ganykh-Agrichay Valley —
Sheki 3,400 38,770 in the vicinity of the village Gabar Zeyzit
Underground waters of the Ganykh-Agrichay Valley,
Gakh 1,500 19,300 the northern part of the location of the village
Embirdjan
Underground waters of the Ganykh-Agrichay Valley —
Oguz 1,400 6,875 the fan of the River Dashagyl (near the village Budjag)
Underground waters of the Ganykh-Agrichay Valley —
Gabala 1,380 15,185 the fan of the River Damiraparanchay
Ismailly 8,200 11.275 Undérground waters of the northeastern part of the town
Ismailly
Underground waters of the Gyandja Plain — the fans of
Gazakh 6,470 37,010 the River Agstafachay, 3-4 km to the northeast of the
town Gazakh
Underground waters of the Gyandja Plain — the fans of
Agstafa 1,900 8,170 the River Agstafachay (the western margin of Agstafa)
Underground waters of the town territory (Gyandja
Tovuz 3,500 30,600 Plain) and underflow waters of the River Tovuzchay
Shamkir 1.900 50,500 Underground watelts of the Gyandja Plain and territory
of the town Shamkir
Khanlar 2,400 35,600 Underflow waters of the River Gyandjachay
. Underground (fans) and underflow waters of the River
Gyandja 114,000 352,515 Gyandjachay and also surface waters of the River Agsu
Geranboy 3,500 10,125 Underground waters of the fan of the River Kyurakchay
Naftalan 8.600 28,600 Underground pore waters of the northeastern part of the
settlement
Mingechevir 4,657 193,145 Underground waters of the Ganykh-Agrichay Valley
Agdash 7.800 32300 Undgrground waters of the fan of the River Turianchay
(territory of the town)
Underground waters of the fan of the River Geychay
Geychay 10320 43,850 (territory of the town and village Potu)
Agsu 4,320 2,170 Underflow waters of the rivers Agsu and Girdymchay
. Underground waters of the fan of the River Geychay
Udjar 6,000 72,700 and Ganykh-Agrichay Valley
Zardab N/A 11,320 Underground waters of the Ganykh-Agrichay Valley
Underflow waters of the River Girdymchay and
Kyurdamir 3,890 31,130 underground waters of the Kyurdmashin Valley
(Kyululli section)
Yevlakh 12,500 62350 Underground waters of the Garabakh Plain (fans of the

River Terter)
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Requirement to

Towns/ Water Use 2004 2010 Proposed potential sources of water supply
Villages (m’/d)
(m*/d)
Terter 2,800 28.200 Unde_rground waters of the fan of the River Terter (near
the village Verikchayly)
Barda 10,400 27,675 Underground waters of the fan of the River Terter
Agdam 11,100 44,150 Underﬂow waters of the River Gargar and the fan of the
same river
Agdjabedi 6,030 22,685 Underground waters of the fan of the River Gargar
Underground waters of the fan of the River Araz
Beylagan 2,800 16,100 (section of the village Duyamalylar)
- Underground waters of the fan of the River Guruchay
Fizuli 2,200 20425 (section of the village Beyuk Bakhmanly)
Djcbrail 3,500 6.695 Underﬂ(l)w waters of the River Chakhmagchay (section
of the River Veysally)
Zangilan 2,800 6,025 Underflow waters of the River Okhchichay
Gedabek 1,500 10,660 Capping of springs and underground fracture-pore
waters of the suburban zone
Dashkesan 1,400 33,650 Capping of spring runoff and underground fracture-pore
waters of the suburban zone
Kelbadjar 1,600 5.010 Capping of spring runoff and underground fracture-pore
waters of the suburban zone
. Fracture-pore waters of the town territory and
Khankendi 9,200 12,245 underflow waters of the River Gargar
Shusha 2.800 15,800 Cgpplng of spring runoff and underflow waters of the
River Gargar
Askeran 2,900 2,800 Underflow waters of the River Gargar
Gadrud 3,850 2,668 Fracture-pore waters of the town and suburban territory
Agdere 9,300 6,790 Underflow waters of the River Chaylyg
Khodjavend 10,000 5,715 Underflow waters of the rivers Khonashen an