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Abstract: 
In this paper the study of the hydrodynamic circulation at the Acheloos’ river estuary, in Western Greece, is 
proposed as a complementary approach for evaluating the environmental impacts, during river’s diversion to the 
Thessaly plain.  Up to date, the environmental studies have been restricted only to the upper part of Acheloos 
river, including mainly hydrologic factors for addressing to the problem.  Based on the assumption that the 
Acheloos diversion project is expected to modify runoff patterns at the lower part of the delta, reducing the 
ecological flow into the estuary, a hydrodynamic tool is required to quantify the impacts from this ambitious 
project.  More specifically, the application of a hydrodynamic model is required in order to incorporate all the 
physical factors that affect the hydrodynamic processes in the estuary, including effects of fresh water reduction 
scenarios to the overall hydrodynamic diet of the estuary, before and after the diversion project.  This 
hydrodynamic approach will contribute towards a detailed understanding of the estuary’s ecosystem, 
quantifying the river’s diversion effects at the lower estuary’s environment. 

Keywords: Acheloos river; diversion project; environmental impacts; estuary; hydrodynamics; management. 

1. Introduction 

In ancient Greek mythology, Acheloos was a god and the father of living rivers.  He was defeated by Hercules 
in a fight for a beautiful woman.  This god of rivers impressed our ancestors with his power, his effect on the 
delta and the abundance of the waters he provided to them.  Acheloos river, throughout its historical existence, 
has always been a live water body and a national asset, and has been closely associated with the welfare of the 
communities inhabiting the cities along its route.  In modern Greece, the great river is fighting a final battle.  
This time the fight is against unsustainable development.  More specifically, the power of the fabulous Acheloos 
river is suppressed under a pharaonic idea of diverting the river’s waters to the Thessaly plain for hydroelectric 
energy production and irrigation purposes. 

This ambitious concept has a long history and was initially conceived in the 1930s through the idea of 
diverting the Acheloos to irrigate the vast Thessaly plain, expecting to boost agricultural production in poverty 
dominated rural Greece [WWF Greece (2007)].  Since then, the Acheloos diversion project became a political 
plaything in the hands of governments and is passed into the collective consciousness as the panacea that would 
solve virtually all the country’s problems.  In the early 1980s, the Acheloos diversion project was listed first in 
Greek development programmes, in spite the fact that the relevant environmental studies for the river’s 
diversion were at first non-existent and then insufficient, fragmentary and conflicting. 

In a recent survey commissioned by EU, only one in five Greeks was in favour of the project, irrespective of 
negative consequences on ecosystems and areas of natural beauty-almost half of them were outright opposed to 
it (quoted by [Kagkelidou (2005)]).  Moreover, the investment cost of the project is expected to be a very 
significant sum, representing high proportion of recent national budgets.  This has led to a serious and well 
founded challenge to the feasibility of the project and the antiquated development model it represents.  So, the 
diversion became the subject of plenty of articles, meetings and discussions while, the idea of its design and 
feasibility remains a timeless debate dividing environmentalists and engineers in Greece. 

In spite these, up to date “successive governments” have used a number of tricks to bypass legal and 
environmental objections to the project.  They have signed agreements and rushed into construction in between 
court cases, as well as awarded renewed contracts after each judicial obstacle.  So nowadays, it is estimated that 
around half of the necessary work for the whole project has been completed [Kagkelidou (2005)].  In fact, the 
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aim of the Acheloos diversion project is to provide irrigation water for 240,000 hectares of agricultural land in 
the plain of Thessaly, the main agricultural producer in Greece.  Therefore, the vision and the goal that two of 
Greece’s most important natural resources – the Acheloos river and the Thessaly plain – which are separated by 
the southern end of the Pindus mountain range, could and should be brought together for the benefit of the 
national economy, still remains alive (quoted by [WWF Greece (2007)]). 

However, the environmental studies for the Acheloos diversion project are, until today, restricted only to the 
upper part of Acheloos river, including mainly hydrologic factors for addressing to the problem.  So, the 
environmental evaluation of the impact of the lower part of Acheloos river and mainly to the estuary ecosystem 
has not been yet quantified for a future diversion of the part of the river’s waters.  Based on the assumption that 
the Acheloos diversion project is expected to modify runoff patterns at the lower part of delta, reducing the 
ecological flow into the estuary, we propose to examine exclusively the lower part of Acheloos delta, studying 
the estuary’s hydrodynamics before and after the diversion project.  This may be achieved via numerical 
simulations, which will shed light into the hydrodynamic processes taking place at the lower estuary and give an 
answer to the sustainability of this ambitious project.  Both the existing regime and the regime that will be 
developed after the projected diversion of part of the Acheloos’ river waters will be simulated, giving the 
magnitude of the environmental influences at the estuary’s sustainability. 

The purpose of this paper is to propose the study of the hydrodynamic processes that take place at the 
Acheloos estuary by evaluating the impact of the modification of the freshwater discharge at the Acheloos 
estuary, due to the diversion project, with emphasis on hydro-environmental processes.  To this end, a three-
dimensional hydrodynamic model is required in order to incorporate all the physical factors that affect the 
hydrodynamic processes in the estuary, including effects of freshwater reduction scenarios to the overall 
hydrodynamic diet of the estuary.  The proposed study, if it is actually completed, will contribute towards a 
detailed understanding and characterization of the processes and mechanisms, which control the behaviour of 
the estuary under the present conditions, and lead to the maintenance of the ecological balance in its ecosystem.  
Moreover, the study will include future diversion scenarios, based on the initial scheme for the diversion of two 
thirds of the river flow, since the dimensions of the diversion tunnel, which is under construction, will allow this 
to be effected.  Under these, we believe that via the proposed study the sensitive estuary’s ecosystem will be 
protected from further qualitatively degradation by the application of this ambitious diversion project in the 
future. 

2. Background 

2.1.  The study area 

The proposed study focuses on the Acheloos’ river delta in western Greece near the Ionian coastal zone.  In the 
wider basin of the Acheloos river, four natural lakes exist (Trichonida, Lysimachia, Amvrakia, Ozeros), where 
four dams (Kremasta, Kastraki, Stratos I and Stratos II) have been constructed (Fig. 1).  The Acheloos river, 
which is the main river of Western Central Greece, is in fact the largest river in terms of flowrate and the second 
in terms of length in Greece, constituting the main source of water in the area [Piper and Panagos (1981)].  More 
specifically, the river of Acheloos is 220 km long and its drainage basin covers an area of 5,472 km2; the total 
annual rainfall is 1,620 mm and the mean annual volume of rain 106 m3, while the mean annual outflow is 
estimated to 7,800x106 m3 of water.  Under the action of the Acheloos river, the lagoons of Messolongi and 
Aitoliko developed.  Its extrusions compose a unique ecosystem (protected by the Ramseur treaty) of significant 
ecological value. 

Up to date, the major anthropogenic intervention in Acheloos river is the construction of the four 
hydroelectric dams.  The biggest one is at Kremasta, situated 3 km south-west of the junction of the rivers 
Tavropos, Agrafiotis and Acheloos.  It is the first dam developed in the Acheloos’ drainage basin (1966) and the 
most significant hydroelectric construction in Greece.  The Kastraki is the second dam developed in Acheloos 
drainage basin (1969) and it is placed 35 km south of the Kremasta dam.  The Stratos I and Stratos II dams were 
developed in 1989 and are situated 8 km south of the Kastraki dam and 62 km from the Acheloos’ mouth.  The 
hydraulic regime of the Acheloos has been altered by the construction of the dams.  Prior to their constructions, 
the river experienced severe winter floods, with 77% of the discharge occurring in the months of November to 
April [Piper and Panagos (1981)]. 
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Fig. 1.  The Acheloos river basin in western Greece.  At the upper right corner the location of the basin in Greece is given.  The three dams, 
Kremasta, Kastraki and Stratos during the course of the river, and the four natural lakes, Trichonis, Lysimachia, Ozeros and Amvrakia are 
shown in the river’s basin, while at the lower left corner the Acheloos estuary is marked with a circle. 

2.1.1.  Specific characteristics of the lower delta 

The Acheloos delta belongs to the lobolate type, as it has the shape of a lobo with a solid head and a columella 
front.  Its evolution depends on the interaction of the two environments: the continental and the marine one.  
Study of the Acheloos delta evolution has showed that the balance of this dynamic system changed because of 
the construction of the dams.  Thus, the fluvial supply has been decreased and nowadays the marine processes 
predominate over the delta [Vassilopoulos et al. (2008)]. 

At the mouth of the river, the channel becomes broader and shoaler, and at times influenced by low waves 
and the tides from the Ionian Sea.  It is floored by river mouth sands in which stranded trees are common.  At 
times of low discharge and low wave activity, a veneer of silty mud accumulates.  At the Acheloos mouth, 
marine reworking of river-mouth sands has produced an arcuate mouth bar.  The river bifurcates around the bar, 
with the main flow diverted westwards; it attains velocities of 50-150 cm sec-1 under normal discharge 
conditions.  This mouth bar has formed since discharge control eliminated major floods which presumably 
scoured away any incipient bar [Piper and Panagos (1981)]. 

The estuary is silled with the mouth bar.  The river waters discharge into Ionian Sea over this shallow sill 
that exits at the river mouth and has a width of 50-80 m.  The water depth at the bar area is ~ 1 m, whereas 
upstream, into the river mouth is ~ 4 m.  An abrupt increase of the water depth is observed outside the river 
mouth.  The depth of the sea exceeds 40-50 m in a distance of 3 km from the mouth offshore.  The water 
circulation and sediment movement follow the model described by [Meade (1972)] and result in the formation 
of the sill and a high turbidity zone located mainly at the sill area (as quoted by [Dassenakis et al. (1995)]).  The 
present proposal focuses on the estuary area, at the lower part of the Acheloos river delta, which is 
simultaneously influenced by the marine processes and the river discharge, and its circulation regime is 
expected to be modified after the projected diversion project of Acheloos river. 
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2.2.  Environmental Value of the Acheloos Delta 

The Acheloos river basin includes four artificial and four natural lakes and a large estuary with important 
wetlands (lagoons, coastal salt lacustrine and freshwater marshes, etc.) that belong to the NATURA 2000 sites 
or are protected by the Ramseur Convention.  More specifically, the wetland of Messolongi is under the 
protection of the Ramseur Convention, while the four natural lakes, the Acheloos Delta and the lagoons of 
Messolongi and Aitoliko belong to NATURA 2000 sites.  Moreover, the Delta area has been included in the 
Special Bird Areas list.  The riverine ecosystems of the middle and upper Acheloos have been identified as an 
important habitat for many threatened species of freshwater fish and birds.  Specifically, Delta area offers 
shelter to 32 of the 38 species of predatory birds that live in Europe.  The whole Delta area with its brackish 
shallow lagoons, saltmarshes, wetlands and sand-dunes formed by the action of both the Acheloos and the 
Evinos River, is a very important bird and fish-breeding area, while the Acheloos Delta is one of the eleven (11) 
Greek Ramseur sites [Hadjibiros (2010)].  Especially, in Messolongi lagoon, 40 different species of fish have 
been observed.  Because of this large quantity of fish, local people have established natural fish ponds 
(constructions specifically formed for the collection of fish), which are used as the most effective means of 
fishing [Skoulikidis and Nikolaidis (2010)]. 

The Acheloos estuary is of high environmental importance, as the Acheloos affects the distributions of 
nutrients in the entire north-western section of the Patraikos Gulf and in the nearshore part of the Ionian Sea, 
acting as a significant nitrogen source, attributed to the washout of fertilizers [Scoullos et al. (1985, 1992)].  It 
also affects the hydrology of the neighbouring wetland of Messolongi lagoon which is under the protection of 
Ramseur convention [Bonazountas et al. (1992)]. 

Integrated and sustainable management of the lower part of the Acheloos basin requires knowledge and 
understanding of the spatial and temporal variations and trends of the estuary water quality and of the factors 
and processes controlling them.  In addition, according to the Water Framework Directive (WFD-2000/60/EE), 
member states should aim to achieve the objective of at least good ecological and chemical surface water status.  
For that purpose member states should establish monitoring programs up to 2015 the latest.  In designing 
monitoring networks, it is necessary to know and evaluate the estuary’s environmental regime.  This 
demonstrates the importance of monitoring and studying of the lower part of Acheloos river and particularly the 
estuary's ecosystem where the hydrodynamic characteristic are going to be disturbed after the projected 
diversion project. 

2.2.1.  The specificity of the estuary 

The unique characteristics of this estuary are: (a) it is formed by the largest river in Greece, the discharge of 
which is going to be reduced after the river’s diversion to the Thessaly plain, changing runoff patterns and 
water-quality at the lower part of delta,  (b) as far as we know, there are no studies regarding the hydrodynamics 
of the lower estuary and its physical properties before and after the river diversion project (i.e. variability of 
residence times, stratification regimes, salinity intrusion, circulation patterns of the flow),  (c) its waters are of 
high environmental importance and the wetlands forming around it belong to the NATURA 2000 sites and are 
protected by the Ramseur Convention,  (d) it affects the distribution of nutrients and the water quality in the 
entire North-Western section of the Patraikos Gulf and in the nearshore part of the Ionian Sea,  (e) because of 
the complex-three dimensionality-characteristics of the estuary flow, no effort has been made to study its 
circulation in its entirety.  Therefore, the proposed study will be the first of its kind in Greece. 

Moreover, since the river’s discharge fluctuations at the estuary are strongly affected by irregular water 
releases through the dams, and the future project of river’s diversion, which is under development, the task 
becomes more complicated than in other rivers with a natural flow regime. 

2.3.  The River Acheloos Diversion Scheme 

The “Acheloos’ Diversion” project involves diversion of freshwater discharge from the river to the Thessaly 
plain, for hydroelectric energy production and irrigation purposes.  The basic version of the diversion scheme, 
promoted in the mid ‘80s, called for diverting as much as 1.5 billion m3 of water annually.  The project 
considered as Greece’s largest and most complicated public work and included the construction of two large 
dams in the upper Acheloos region, one at Messochora the other in Sykia and another two at Mouzaki and Pyli 
where the Pindos mountains begin to give way to the plain of Thessaly.  These were in addition to another dam 
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at Mavromato, vast tunnels (Acheloos – Thessaly diversion tunnel 18 km, Messochora – Glystra tunnel 8 km, 
Mouzaki – Pyli link 8km), corresponding hydroelectric plants, an extensive road network and most important a 
vast irrigation and drainage network covering 350,000 hectares (Fig. 2). 

In the autumn of 1992, the environmental organizations of Greece launched a joint campaign against the 
Acheloos project.  This campaign, which began as an effort to save the valuable wetlands of Messolongi – 
Aitoliko and the Acheloos estuary, was destined to become one of the most important environmental campaigns 
in Europe (as quoted by [WWF Greece (2007)]).  In 1994, the project was cut into smaller pieces and a newer, 
"smaller" version was promoted as a "milder" and more environmental "friendly" diversion: the dams at Pyli 
and Mouzaki were cancelled and the project was curtailed, to the first phase only, to reduce the amount of 
diverted water to 600-700 million m3 per year. 

However, despite this change, serious environmental questions, concerning the effects of the diversion on 
the hydrology of the catchment area of the Acheloos and the riverine and estuarine ecosystems, have not been 
adequately assessed.  For example, it is considered that the hydrodynamics, the water quality and all the 
biochemical processes in the estuary will be disturbed [Greek NGOs (1993)], but the full quantitatively 
estimation of the effects of the project (if it is finally completed) will be possible only if the present hydro-
environmental characteristics of the estuary are well known.  For example, the “soft diversion” project involves 
fewer reservoirs, but the same diversion tunnel.  So, it is also likely that more water would be diverted in the 
future, since the dimensions of the tunnel will allow this to happen!  Thus, despite the fact that the diversion 
project is constantly being improved, it leaves unanswered questions about its sustainability and its effects at the 
estuary’s environment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  General map of central Greece, where the existing (Kremasta, Kastraki, Stratos, Tavropos - solid line) and projected (Sykia, 
Messochora, Mouzaki, Pyli - dotted line) reservoirs of the Acheloos diversion project are shown.  Between the dams of Sykia and Mouzaki 
the diversion tunnel is designed with dotted line. (from [Koutsoukis (1996)]). 
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2.4.  Hydrodynamic Characteristics of the Acheloos River Estuary 

The Acheloos estuary is a typical salt-wedge system with a low river flow and negligible tidal range.  Saline 
seawater from the Ionia Sea penetrates into the river bed and forms a salt wedge with significant salinity 
gradients between surface and bottom waters.  When freshwater supply is limited, the saltwater-freshwater 
interface is shifted to the upper part of the river, up to 2-3 km from the river mouth.  When freshwater supply is 
increased, the saltwater-freshwater interface forms a vertical front which lies close to the river mouth on the 
marine side of the bar [Scoullos et al. (1992)].  At the estuary area the circulation regime is further influenced 
by physical forces. 

These physical forces include earth’s rotation, tides (whose associated currents advect saline water along the 
estuary and enhance mixing), river flow (which is a source of buoyancy, enhances stratification, and imposes a 
barotropic longitudinal pressure gradient along the estuary and a baroclinic pressure gradient due to density 
differences between salt and freshwater), wind stress (which may act as a remote forcing in the coastal zone or a 
local forcing over the estuary) and local topography. 

The Acheloos estuary has a relatively open mouth that is expected to allow tidal currents from the Ionia Sea 
to propagate well into the system.  Thus, the result will be a partially mixed to well mixed estuary.  More 
specifically, it is expected that salinity will tend to intrude further into the estuary as the discharge decreases.  
The distance that salt water could intrude upstream the mouth of the Acheloos estuary is more sensitive to two 
factors: water level set-up/ set-down at the estuary mouth and along-river wind.  Specifically, the wind effect 
and discharge fluctuations are expected to be important environmental factors in the shallow, low tidal-
influenced Acheloos estuary, controlling the dynamics of the system as has been investigated in others typical 
shallow estuaries with less impact from sea tide (e.g. [Xu et al. (2008)]). 

Generally, freshwater runoff is the basic characteristic of estuarine ecosystems which may influence 
numerous physical and biological properties [Kaartvedt et al. (1990)]. Transport of fish eggs, larvae and 
zooplankton by estuarine circulation may be important (e.g. [Strømgren (1974, 1976); Skreslet and Danes 
(1978); Fosshagen (1980)]), but the subject has seldom been specifically addressed.  The freshwater tends to 
float over the denser seawater, but tidal mixing reduces this stratification.  The intensity of stratification is 
expected to depend on the buoyancy input and the mixing produced by tidal and wind stirrings.  Nevertheless, 
studies of estuarine stratification showed that the freshwater buoyancy input is one of the most influential 
mechanisms of estuary circulation (e.g. [Schroeder et al. (1990); Simpson et al. (1990); Sharples and Simpson 
(1993)]), mainly for rivers which are discharged in a sea with a small tidal range (e.g. Acheloos river discharge 
to low tidal Ionian Sea). 

The “Acheloos Diversion” project is expected to modify runoff patterns at the lower part of delta.  
Especially, the reduction of ecological flow can modify the estuary’s circulation and cause salinity intrusion, 
which, in turn, is expected to affect the biota [Chícharo et al. (2001)].  For instance, the distribution of species 
and the larval abundance within the estuary depends on salinity and temperature distributions (e.g. [Esteves et 
al. (2000)]).  Changes in circulation can also have important impacts on the permanence of several organisms 
inside the estuary. For instance, increased river flows (e.g. from dam releases), during spawning season may 
cause fish eggs to be flushed from the system.  However, larger river flows may also have a positive impact as 
they promote stratification, which, in turn, can help organisms with vertical migration capabilities to remain 
inside the estuary (e.g. [Chícharo et al. (2001)]).  On the other hand, decreased flow in the estuary may cause an 
increase on the residence time of the estuary, causing environmental problems, when pollutants enter to the 
estuary ecosystem.  Hence, a detailed characterization of the physical behaviour of the Acheloos estuary is 
needed in order to understand the behaviour of its ecosystems. 

So it is concluded that the most crucial parameter that affects the estuary’s sustainability, characterizing its 
environmental value, is the freshwater discharge.  Especially, for the Acheloos river, where the flowrate in the 
estuary is controlled by the releases of the three dams, the problem becomes more complicated than in rivers 
with a natural flow regime.  Concerning the freshwater inflow to the estuary and according to measurements, 
during 1990, Acheloos’ flowrate measured 50 km upstream of the river mouth, ranged between 60 and 539 m3s-

1, with a mean value of 140 m3 s-1 [National Statistic Service of Greece (1993)].  Large hydroelectric dams, at 
the upper part of the river, have affected the seasonal fluctuation of the river flow which after the hydroelectric 
dam of' ‘Stratos’ (the last along the river bed, 7.5 km from the river mouth) is 42 m3 s-l.  In some periods less 
than 10 m3s-l remain in the river as the rest is used for irrigation [Greek Ministry of the Environment (1989); 
National Statistic Service of Greece (1993)].  More recently, [Varveris et al. (2010)] using the Basic 
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Maintenance Flow (BMF) method, redefined the ecological flow, which is discharged from the last downstream 
reservoir (Stratos) in order to preserve the ecosystem at the Acheloos Delta.  The values of the basic 
maintenance flow was found to vary from a mean monthly flow of 17.8 (July) to 34.7 m3s-l (January), following 
the variability of the naturalized flows, while the minimum required steady base flow in the estuary is estimated 
to be 14.1 m3 s-l.  Thus, it’s concluded that the existing inflow (ecological flow) at the Acheloos estuary, is 
marginally sufficient to maintain the estuary's hydrodynamics, and is therefore almost certain that any reduction 
would negatively affect the proper functioning of the estuary ecosystem. 

3. Methodologies 

3.1.  The proposed hydrodynamic approach 

To evaluate the impact of modified freshwater discharge at the estuary, after the projected diversion of part of 
Acheloos’ river waters, a hydrodynamic model is required in order to incorporate all the physical factors that 
affect the hydrodynamic processes in the estuary, including effects of freshwater reduction.  This can quantify 
the changes at the future evolution of the estuary ecosystem. 

3.1.1.  The numerical technique – simulation codes 

During the recent decades, the results of intensive research in the area of numerical hydrodynamics have been 
incorporated in general purpose numerical codes that are capable of simulating the hydrodynamic circulation on 
a geophysical scale.  Such three-dimensional codes are, for example, the SYMPHONIE [Estournel et al. 
(1997)], POM (Princeton Ocean Model, [Blumberg and Mellor (1987)]), SYSTEM 3 [Vested et al. (1998)] and 
MIKE 3 FM-HD [DHI (2007)].  The most codes are designed for simulations of geophysical flows including the 
estuarine circulation.  The majority of these are based on a finite differences/volume, unstructured or structured 
mesh approach overcoming the difficulties of the realistic bathymetry; extract numerical solutions from the 
three dimensional continuity, momentum, temperature, salinity and density equations.  The momentum 
equations are usually used, if not always, in the incompressible, Reynolds-averaged form of Navier-Stokes 
equations, invoking the Boussinesq assumption and the hypothesis of hydrostatic pressure in the vertical 
direction.  The turbulence closure is achieved using simple, usually one-equation models or a constant value for 
the diffusion in the horizontal (e.g. Smagorinsky model) and more complex two equation models in the vertical 
direction (e.g. standard k-ε model).  The free surface is usually taken into account using a sigma coordinate 
transformation. 

In the case of the Acheloos diversion project, the application of a three dimensional numerical 
hydrodynamic model, for the lower delta of Acheloos river and especially for the estuary's ecosystem, is the 
appropriate tool:  (1) to contribute towards a comprehensive understanding of the present hydrodynamic regime 
of the Acheloos estuary, via numerical simulations;  (2) to characterize and understand the mechanisms that 
control salinity intrusion and the conditions for the onset and structure of stratification under real hydrodynamic 
forces in the present form;  (3) to investigate the variability of residence times, with different hydraulic and 
ecological flow conditions, under the projected diversion and following the variability of naturalized river flow;  
(4) to examine the sustainability of the estuary based on the above and using the established scenarios for the 
freshwater reduction, after the diversion project;  (5) to develop a cheap and fast tool that simultaneously allows 
the study, even for the most extreme scenarios that could occur by reducing the inflow to the estuary, combining 
various adverse physical conditions, notably the action of wind and tide at the river's mouth. 

3.1.2.  Code verification 

It is well known that before the application of a numerical model to simulate the hydrodynamic circulation of a 
water body, the code should be extensively validated via field measurements.  Moreover, the systematic field 
measurements of the physical parameters of the waters will be used for the determination of the appropriate 
boundary and initial conditions which are necessary for the production of simulations.  In this framework, we 
propose detailed measurements of the hydrography of the estuary, systematic measurements of the basic 
physical parameters of the water column i.e. thermal stratification, currents, free surface elevation etc., and 
study of the existing hydrodynamic circulation and its control mechanism.  So, the field campaign should be 
designed with the dual goal of producing measurements that will make possible the comprehensive 
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understanding of the processes at a descriptive level for the estuary ecosystem and measurements indispensable 
for the formulation of the initial and boundary conditions, calibrating and validating the numerical model.  It is 
crucial to refer that to date, no field campaign in Acheloos estuary has been designed to collect data suitable for 
the calibration and verification of numerical simulations.   

After extensive validation, by using the field measurements, the hydrodynamic model will be used to 
explore: (a) the present hydrodynamic regime of the estuary created by the existing condition of tides, 
stratification and river inflow, (b) the future evolution of the hydrodynamic diet of the estuary under the 
established scenarios of the diversion of part of the Acheloos river, based on the existing initial and boundary 
conditions and changing the freshwater inflow in the estuary. 

3.1.3.  Goal of the simulations 

Numerical simulations may be conducted for constant (mean) values of river discharge or changing discharges 
(utilizing characteristic hydrographs), covering the range of averaged river flows before and after the river 
diversion.  Moreover, future diversion scenarios may be examined based on the initial scheme for the diversion 
of two thirds of the river flow (since the dimensions of the diversion tunnel allow this).  In the scenarios to be 
studied, different effects of combinations of the wind, tides and the freshwater inflow reduction, are included on 
the equilibrium state of crucial parameters of the estuary i.e. residence times, salinity intrusion and structure of 
stratification etc. (e.g. [Levasseur et al. (2007)]). 

In the proposed study it is crucial to distinguish the residence time of the estuary in the present case and the 
one after the projected diversion.  Concerning with Residence Times (RTs), it is known that once-through 
residence times are defined as the time required for a particle released at a particular location in the estuary to 
leave the system, through a user-defined cross section.  For estuaries that are subjected to tidal action i.e. 
Acheloos estuary, the methodology for the evaluation of re-entrant RTs, includes the use of passive tracers 
which are allowed to move in and out of the estuary with the tide, until they leave the system definitely.  In 
numerical models, this technique may be achieved by using a particle-tracking model in three-dimensional 
mode, driven by the hydrodynamic model results.  Another, practical, method is to prescribed at the entire body 
of the estuary i.e. at all volume elements inside the modelled area of interest, up to its boundary with open sea, 
an initial relative concentration of a passive pollutant equal to 1 (dimensionless value) and at the open sea area, 
outside the estuary’s body, to set a value of 0 for the same pollutant.  The residence time can then be estimated 
as the time which is required for the concentration to be reduced to a low value i.e. a remaining fraction of the 
original concentration of 5% (e.g. [Miller and MacPherson (1991)]) in the estuary’s body.  These methodologies 
have been extensively used by several authors (e.g. [Hofmann (1991); Choi et al. (2004); Huang et al. (2008)]). 

After the river’s diversion is effected, the ecological flow is expected to be reduced by about 20%, hence 
increasing residence times in the estuary.  The variability of resident times (RTs) will therefore be investigated 
to assess the importance of changes in river flow to the maintenance of the estuarine ecosystem.  As has been 
mentioned above, reduction of RTs during spawning season will cause concern over the permanence of fish 
eggs in the lower estuary and can also affect the survival of fish larvae, while increases in RTs affect the 
mechanisms associated with transport and decay of pollutants in the estuary (e.g. fertilizers from crops or 
possible environmental accidents).  The residence time of water is an important physical parameter in estuaries 
and constitutes a useful tool to study water quality. 

Modelling the hydrodynamic regime of the estuary, under different freshwater flowrate scenarios, we can 
determine the salinity wedge's entrance in the river’s estuary.  This will quantify the effect of Acheloos 
diversion at the coastal crop lands, determining the boundary of brackish water in the area and possible the 
length of salination at the crop lands.  Moreover, the determination of the salinity ranges and mainly the salinity 
intrusion, at each location as a function of the river inflow can provide indications of the impacts of changes in 
fresh water inflow in the ecosystems, because the spatial distributions of the biota and the salinity in an estuary 
are closely related (e.g. [Oliveira et al. (2006)]). 

Finally, the level of stratification in the water column is another crucial parameter in controlling the intensity 
of vertical mixing and hence, the vertical fluxes of water properties [Simpson et al. (1990); Prandle (2004)].  
Stratification plays a fundamental role on nutrient transport in estuaries.  Understanding the development and 
breakdown of stratification in a shallow estuary, such as Acheloos during different diversion scenarios, will 
provide better understanding of the dynamical processes of the estuary and its influence on living resources of 
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the ecosystem.  Moreover, the study of saline and thermal stratification under different diversion scenarios will 
give the most adverse conditions for the ecosystem sustainability. 

It is concluded that the detailed understanding and characterization of the processes and mechanisms, which 
control the behaviour of basic parameters of the estuary’s balance i.e. residence time, salinity intrusion and 
structure of seasonal stratification in the present conditions, and after the most adverse scenarios of the projected 
diversion project will contribute to the development of a tool for estuary management, giving crucial answers 
about the projected diversion project of the Acheloos river in the present case, and leading to the maintenance of 
the ecological balance at the lower delta ecosystem in the future. 

4. Conclusions 

In this paper a hydrodynamic tool is proposed as a different, final approach to evaluate the effects from the 
Acheloos diversion project at the lower part of the riverine ecosystem (Acheloos estuary).  More specifically, 
the proposal is focused on the estuary of the river, where no studies have been referred in the literature, for the 
current hydrodynamics and mainly for the future regime that will be developed after the completion of the 
Acheloos diversion project.  It is concluded that this hydrodynamic study, if it is actually completed - which will 
be the first of its kind in Greece - will contribute  (1) to understanding the present hydro-environmental regime 
of the Acheloos estuary,  (2) to quantifying the effects at the estuary on crucial hydro-environmental parameters 
such as residence times, structure of stratification and salinity intrusion, during river's diversion project, if this 
ambitious project will actually be completed  (3) to determine the upper limit that is permitted for the amount of 
diverted waters, in order to ensure the protection of the sensitive ecosystem of the Acheloos estuary, from 
further qualitatively degradation in the future. 
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