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Abstract

The current investigation concerns the impact observed at natural and human
environment, due to the implementation of the Aposelemis water supply project, as
additional aqueduct of Heraklion and Agios Nikolaos cities, as well as other important
tourist areas, in NE Crete, Greece. Aposelemis project is differentiated from standard

Publication History:

water supply dam projects, through a special component of an underground tunnel that
diverts uphill surface water from Lasithi Plateau into the reservoir. The study concerns
the first years of project’s operation, and focuses at four affected areas, namely the
Lasithi Plateau upland area, dam’s region, river estuary and water supplied cities. The
investigation was based on various site visits, while a significant aspect involves local
stakeholders’ observation, opinion and perception on the environmental impact of the
project in everyday life, through four detailed questionnaires posed to the affected
areas’ population. The recorded consequences were characterized as positive or
negative and evaluated according to their size and importance, estimated for the
current period and also for the future. Among the main positive effects are urban areas’
©2021. The Author - . . .

drinking water supply and improved upland plateau’s flood water drainage, while
among the negative consequences appear multiple water resources’ impacts and
feelings of downstream lakeside residents. The investigation indicates the initial
environmental impact and sets the basis for further future research towards

sustainability.
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Lepiznyn

H rmapoboa épevva apopa Tic v@ioTOUEVES TEPIPOALOVTIKES EMITTWOELS, WOV
KOTOypagovial 6o puoiko kai ovOpmmoyeveés mepifdriov, UETA THY oroxApwan Tov
£pyov DOpevanc Amooeléun ws eviayvon s VOPoIOoTHONS TWV TOAewV Hparieiov, Ayiov
Nikodaov xau emmleov tovpiotikav mepioywv, oty Poperoavortoiixy Kpnty. To épyo
0Opevons Amooedéun SL1aPoPOTOIEITOL OTTO TO, TUTIKG, EPYO, DOPEVONS PPOYUATDV, ECOITIOS
NS VOPODAIKNGS GHPOYYOS UETW THS OTOLAS EMLPAVELaKO VEPO amtd T0 Opomédio AooiBiov
owoyetebetar otov toyusvtipo. H Oiepedvnon oapopd kvpiws ot Tpoopato ETn
Aertovpyiog tov ovvolov tov Epyov (2019 ko Emeita), Kol EMIKEVIPWVETOL OTIC TPEIS
aueoo, emnpealoueves mepioyés: to Opomédio AooiBiov, Tny mePLOYn TOV PPAYUATOS KOl
g exfoléc Amooeléun. Emmpooeta, emimiéov OlEpEOVHON TPOYUATOTOIEITOL VIO, TIC
TEPLOYES 1 VOPOIOTNON TWV OTOIWY GHUEPO. EVICYVETAL OO TO PPOYUC KOL Ol OTOIES
emnpealovral Euueoa omo 1o Epyo, ue Eupoon otyv moln tov Hpaxieiov. H digpedbvnon
pooiotnke oe TNOoS em TOTOV EMOKEWEWYV TOPATHPHONS TOV TEPIPAALOVTOS TV
eletalouevawy TePLoymV. ZNUovTIKOTATH GOVEICPOPE, ATOTEAETE 1] OLEPEVVIION THS KOIVHG
YVOUNG, HECD TEGTAPMV OLOPOPETIKMDY EPWTHUATOLOYIWV, EIOIKA GYEOIOTUEVWY VIO KAOE
TEPIOYN LEAETHG, TO OTOTO OTEVOVLVONKOY OE KOTOTKOVS 1/KOI OPOCTHPLOTOIODUEVOVS TV
wep1oy v avtv. O1 TEPIPOLLOVTIKES ETITTWOEIS TOV KOTOYPOPHKOY, YOPOKTHPITTHIOY
¢ Oetircéc 1 opvntikeg ko acioloynOnray wg mpog 1o uéyefog kol t oHUacio. T1ovg, T060

KOTO, THY DPIGTOUEVH TEPIOJO OG0 KOl WG UIG EKTIUNON YLO. TO UEALOV.

Q¢ kbpieg mopoTnpodueves Oetikég mepifoalloviikéc emmntwoels evioniodnkoy i evicyvon
S VOPOIOTHONG ONUAVTIKWDOV OOTIKOV TEPLOYXWV, 1] TOXVTEPY ATOCTPAYYIoH TV
TANuuOpIK@Y vodTwy v Opomediov Aacibiov kar 10 véo tomio - VYPOPLOTOTOS THE
Auvng tov ppayuotog. Mixpotepov ueysOovg OeTikéS EMMTWOEIS APOPOVY OE UELWOTT
OTOANWEDY DILOYEIOV VEPOD, G TOPULIUVIES OPATTHPLOTHTES KOL O SEATIOON TS WOXIKHE
VYELAC TV ETMIOKENTWOV. OETIKY ETITTWON UEYAING EKTIUDUEVIS UEALOVTIKHG OHUACTOG,
OPOPA. TNV ETIKELUEVH AVOAOUIoH TV DTTOJOUDY TOD DPIGTAUEVOD OIKTDOD DOPEVONG THE
wodng Hparcleiov, ue ovoyeti{opeves O0VHTIKES EMITTWOOELS TEPL UEIWONS KOTAVAIWONG
EUPIOADUEVOD VEPOD, €LOIKOVOUNONS TOPWY TWV VOIKOKUPIOV, Peiticdcels Osuctwv
VYEIOS KO TOTIOD, £WG UEIWONG OYKOV QOTIKMV GTEPEDYV ATOPANTWY DTO THY £Vvoio.

OTOPPITTOUEVOV TAOTTIKDOV PLOADY. 2TOV QVIITOda, ¢ 01 KOPIEG TOPOTHPODUEVES
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OPVNTIKES TEPIPAALOVTIKES ETMIMTWOEIS TOV EPYOV, EVIOTIOTHKAV 1 UELWON THS KOTAVTH
ETIPOVEIOKNG OTOPPONS, 1 OLATOPOYH TPOPOOOTIOS KATAVTH DIOYELDYV DIPOPOPEDYV, N
ovVNTIKY pOTAVEH EVTOS TOV TOUIEVTHPO. KOl § GALOIWON TOD TOPOAUVIOD HIKPOKAIUOTOG.
Emiziéov vprotdueves apvntikés emmiwaels apopody o Géuata Woylkns vyelog twv
KOTOIKWY TOV KOTAVTH OIKIGUOD, GTHV OTWAELO EDPOPDV EKTAGEDY KL GTO O10CKOPTIGUO
TV TPONY KATOIKWY THS TEPLOYNS THS AEKAVHS KOTOKAVONG, GE QOTOXIES TPOAVMOV THG
VEOS 0000, 0 O10T0pOYN OVOTANPWONS GVAVTH KOPOTIKMOV KOl TPOCYWUATIKOV
IPoPopwV Opomedion, oTIC TANUUDPIKES CVVONKES TOV UIKPOD POPELOSVTIKOD TUHUATOS

Opomediov kou o€ OVVITIKES EMITTWOEIS TTOV VYPOPLOTOTO 0TI EKPOAEG.

Q¢ mbovés kalés mpoktikés, mpoteivoviol: (o) 1  vAomoinon  TPOYPOUUATOV
Taparxolovdnons Tov VTOYEIOD VOGTIKOD OLVOWIKOD o O1apopes Béoeis (kardviy
TOPWOELS KOl KOPOTIKOL DOPOPOPELS, TOpwoels vopopopeisc Oporediov AooiBiov kar
OVAVTH KOPOTIKG CVOTHUOTO), () TPOKTIKES PLOCIUNG YEWPYIAS TOGO VLA TNV TEPLOXT TOV
ppayuatog 0o kat yio 1o Oporédio AaoiBiov, (y) EAeyyoUeves dpooTnPIOTHTES OVOWVYNG
KO OIKOTOVPIOUOD UE KOLVWVIKG KO OIKOVOUIKG TPOVOULO. YI0. TOV TOTIKO TARBvouo, (J)
UEpILVOL Y10 TNV TTopoliuvio TEpLoyy, (€) epapuoyn AIIE oe eykatoardoels Ttov Epyou, (o1)
kazdption Oeouirod mhaioiov mpootasiog Tov vypofiotomov Amoceléun kou viomoinon
TpoypouuaTos mapokroiovnans, ({) epopuoyn texViK@WV TEYVHTOD EUTAOVTIONOD TWV
KOTOVTH DPGAUDPWY DTOYEIWY DOPOPOPMV KOl (1) KOTOPTIOH KOI EPOPUOYH TKOVOD
OYEOLOV OLOYEIPIGNS DIATIKWV TOPWYV UE EUPACH OTHYV EKTOLOEDOH TOV KOTAVOAMTIKOD
KOIVOD 0Te Vo KOTAVOEL THY 0llo. TV DOOTIKWOV TOPOV KOL VO, UNY 00Nyeitol o€

Kazdypnon tov mEpifoiioviikod ayadod.

Aééeig-Kieiowa: Dpayua  Amooeréun, Znpayyo  Amoceréun,  Iepifalloviikés
Emrtaoeis, Kpnn

1. INTRODUCTION

Extensive environmental and social impacts have been reported from the construction
and operation of large dams worldwide (Bird and Wallace, 2001). Dam structures often
disrupt various physiochemical and biological processes, and cause water and
associated environmental impacts that have far reaching social and economic

consequences (McCartney, 2009). Different regions are often disproportionally
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affected, which engenders water allocation conflicts (Fung et al., 2019) and a potential
source of social and political instability (Karami and Karami, 2020). Civil society and
environmental groups are often mobilized by dam development’s associated
environmental and social impacts (Gerlak et al., 2020). According to McCartney (2009)
the impact of each dam is unique, depending not only on the structure and the attributes

of local biota but also on climatic and geomorphic conditions.

Dam structures affect both abiotic and biotic environmental variables. As “one of the
most significant human interventions in the hydrological cycle” (McCartney, 2009),
dams affect water resources quantity and quality (Akbarzadeh et al., 2019; Gierszewski
et al., 2020) and also land systems (Rufin et al., 2019) and soil resources, with emphasis
on sedimentation (Ji et al., 2020; Lyu et al., 2020) and impacts on riverbed (Gierszewski
et al., 2020) and coastal environment (Ji et al., 2020). Dam constructions often disturb
various components of river biodiversity (Albert et al., 2021), with reported impacts on
primary production (McCartney, 2009) and fish species (Alho et al., 2015; Fung et al.,
2019; Santos et al., 2020). Alteration of river vegetation communities may subsequently
affect a wide range of mammal and bird species that depend on them (McCartney,
2009). In certain cases, the lack of respect towards environment’s components and
procedures led to catastrophic impacts and negative criticism. During the recent
decades, the global scientific society was considerably concerned about dam projects
(Bird and Wallance, 2001; Beck et al., 2012; Keskinen et al., 2012; Hodbod et al., 2019;
Karami and Karami, 2020). Dam removal and river restoration were investigated in
order to reverse the environmental impacts (Lejon et al., 2009; Beck et al., 2012;
Buckner et al., 2018; Birnie-Gauvin et al., 2020). Sustainability assessment, optimum
construction and management of dams and reservoirs became crucial concepts (Beck et
al., 2012; Chen et al., 2016; Ho and Goethals, 2019; Karami and Karami, 2020; Wilk-
Wozniak et al., 2021).

Dam construction should be considered in order to meet future water demands, however
strongly considering the reduction of their negative impacts (Chen et al., 2016).
Availability of water resources is expected to become vital in the future (Damkjaer and
Taylor, 2017), due to climate change (Mimikou et al., 2000; Ludwig et al., 2011,
Amanambu et al., 2020) and population growth (McDonald et al., 2011; Chen et al.,

2016), in combination with the modern society living.
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Investigations of climate change within the Mediterranean region indicate “an
increasing general shortage of water resources and consequent threats to water
availability” (Ludwig et al., 2011). Focusing on the island of Crete, the quantitative
impact of climate change is expected to be substantial on future water resources status
(Koutroulis et al., 2013). Koutroulis et al. (2013), through the investigation of 24
different climate scenarios for Crete Island, indicated an expected decline in average
water availability from 93% during the period 2000-2050 to a “devastating” 70% for
the next fifty-year period. Therefore, “water resources management should consider
infrastructure and adaptation strategies to mitigate risks of the forecasted deficit”
(Koutroulis et al., 2013). Gikas and Angelakis (2009) investigate potential use of non-
conventional sources in Crete, such as seawater desalination and reclaimed wastewater
reuse. Water supply for Heraklion city remained a vital issue throughout time
(Chalkiadakis, 2012). Water demands are increasing due to rapid population growth
and increasing trend of tourist interest — in 2017, Heraklion city was declared as the
fastest growing tourist destination of Europe (Chifos et al., 2019).

The present study concerns the Aposelemis project, which was implemented to
reinforce the drinking water supply in the cities of Heraklion, Agios Nikolaos and
additional areas important for tourism in NE Crete (Papagrigoriou et al., 2018). The
first proposals for the construction of Aposelemis dam, as an attempt to address
Heraklion city’s water supply issues, are dated back in 1959 (Chalkiadakis, 2012).
Preliminary exploratory studies were conducted in 1972, while the investigation, design
and implementation of the Aposelemis project lasted since 2018 (Chifos et al., 2019).
During the long-term planning and construction period, the initial design of certain parts
was significantly modified, often due to environmental obstacles (Papagrigoriou et al.,
2018). The total Aposelemis project encountered various technical challenges and
difficulties (Kollios and Migirou, 2010; Giitter and Rudigier, 2016; Papagrigoriou et
al., 2018) as well as strong opposition, objections and criticism from the local
communities, that in year 2001 reached an appeal to the European Commission
concerning the project’s environmental impact assessment (Chifos et al., 2019). The
philosophy of the project’s design is based on the transportation of flood and surface
water from Lasithi Plateau, straight into the Aposelemis reservoir through an
underground work (diversion tunnel). Aposelemis project commenced in supplying the

cities in late 2015 (Chifos et al., 2019), while the diversion tunnel was still under
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construction. The project became fully operational in early 2019, when the tunnel began

diverting water into the reservoir.

During the writing of the present, no study covering the recent full operation of the
project (tunnel’s operation and subsequent reservoir filling) has been found, as far as
we are aware. Therefore, the present study aims to cover this literature gap, by
investigating the initially observed environmental impacts of project’s full operation.
The research focused on the four mainly affected areas; Lasithi Plateau, dam’s region,
river estuary and supplied cities. The issue was approached through four carefully
designed questionnaires (different for each area) addressed to local stakeholders —
residents or professionals. Survey topics aimed to record local observation, opinion and
perception on the environmental impact of the project.

2. MATERIALS AND METHODS
2.1 Study area

The Aposelemis project is located in the central-east northern part of the island of Crete
in southern Greece, at Heraklion and Lasithi districts. The Aposelemis dam is located
at approximately 25 km southeast of Heraklion city, in Hersonissos municipality, in
vicinity with the villages Potamies, Sfendyli and Avdou (Fig.1). The Aposelemis River
has a total length of 23 km, flows in a direction SE-NW and discharges into the Cretan
Sea (Voudouris et al., 2007). At a distance of approximately 10 km southeast of the
dam (Chifos et al., 2019), at an elevation of approximately 850 m above msl, lies the
Lasithi Plateau. A complex hydrogeological regime occurs within the wider area.
Various studies conclude that a certain amount of Plateau’s surface runoff (Chavgas
stream), which drains through Chonos sinkhole into karstic formations, after a complex
underground route, is discharged through Kastamonitsa springs, contributing to
Aposelemis river streamflow (Koutsoyiannis et al., 2003; Voudouris et al., 2007).
Downstream of the dam, Aposelemis streamflow infiltrates into karstic formations and

contributes significantly to the recharge of aquifer systems (Voudouris et al., 2007).

Regions of great ecological importance are located in the project’s wider area. Lasithi
Plateau constitutes a protected area Natura 2000 (Papagrigoriou et al., 2018). The

important character of Gonies Gorge’s bird area, led to the underground diversion
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tunnel construction, as a significant modification of project’s initial design
(Papagrigoriou et al., 2018). River Aposelemis estuary consists an important wetland,
which accommodates various flora and fauna species, and is characterized as a
Permanent Wildlife Shelter Area (WWF Hellas, 2008). During the two recent years of
observation (2019-2020), high precipitation rates were recorded at the area of eastern
Crete. In contrast, the previous winters (2016-2017) were unusually dry (Chifos et al.,
2019).

2.2. Aposelemis water supply project

The Aposelemis dam has a maximum height of 61 m and consists of a reservoir’s
impounding of approximately 25.3 million m*® (Papagrigoriou et al., 2018). A special
component of the project is the complex of Lasithi Plateau diversion works, with
emphasis on the tunnel of approximately 3.4 km length (Papagrigoriou et al., 2018) and
an inclination of approximately 15% (Giitter and Rudigier, 2016). The total Aposelemis
project also includes a new road section, a protective embankment of a byzantine
church, a lakeside road, a complete water treatment plant, and also various pipe
networks, tanks and pumping stations, forming two major aqueducts (Papagrigoriou et
al., 2018) (Fig.1).

Since the first operation of the diversion tunnel in early 2019, the reservoir fills rapidly
during certain winter periods, due to the large amounts of plateau’s flood water
impounded. For security reasons, when the reservoir reaches the upper limit, controlled
procedures of dam’s overflow take place, and certain amounts of water are led to the

immediate downstream riverbed area.

2.3 Data Collection

During the study, many site visits took place, in order to observe the environment and
obtain information based on random interviews with local citizens, focused on the

environmental impact.

Collected data and field information resulted in the design of four different detailed

guestionnaires, administered to the population of the four corresponding areas.
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Fig. 1: The Aposelemis water supply project, within the wide area of central-east
northern part of Crete. Base map Source Google Earth Pro (2020). The figure illustrates
the Aposelemis dam and reservoir, the diversion tunnel, and also the extensive network
of the project’s aqueducts. Informative photographs of the area and the project are also
presented.

Considering the great differentiation in project’s implications among the four areas, the
design of the questionnaires was not a straightforward procedure. As Root-Bernstein et
al. (2020) noted, “questionnaires are difficult to write so that questions are
unambiguous and are always understood in the way intended”. The questionnaires
consist of a two-page multiple choice format of an average of 30 questions each and are
available as Electronic Supplementary Material, in English. The multiple-choice format
was chosen in order to quantify the results and facilitate data analysis. Multiple choice
potential answers were based on information, opinions and phrases derived from locals
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during the initial site research. The four questionnaires were differentiated according to
each area’s special characteristics, implications, perceptions and requirements. Given
the various oppositions on project’s implementation from local communities in the past
(Chifos et al., 2019), past opinion and today perceptions were crucial. Questionnaires’

matrix framework is presented in Fig. 2.

The main selection criterion for the sample participants was having experienced the
study areas since before the project’s implementation. The sample collected aimed to
cover both genders, and also a range of ages, educational and professional levels. All

participants were informed that the survey was voluntary and anonymous.

The survey was conducted during the spring of 2020 and was greatly affected by the
distancing and transport restrictions applied by the Greek government, as prevention
measures against COVID19 pandemic. The scheduled procedure of collecting
guestionnaires in situ was evidently replaced by indirect methods (telephone interviews,
emails etc.) and the “snowball approach” was implemented. Within the majority of the
cases, questionnaire completion took the form of a semi-structured interview. In total,
ninety (90) questionnaires were collected. Other methods, such as the Delphi method
(Manoliadis et al., 2006), which uses questionnaires only for a group of experts, could
not be applied at the study area due to the fact that experts with knowledge about the
newly developed post construction conditions at the four different investigated areas

could not be identified.

The difficult conditions of social distancing measures coupled with study’s time
constraints led to the moderate coverage of 90 participants. Regarding the interview
character of many questionnaire acquirements, in addition to the preliminary qualitative
data obtained through random interviews during the first survey period, it is estimated
that the investigated issue has been satisfactorily assessed. According to Guest et al.
(2006) thematic saturation is possible to occur within the first twelve interviews, while
Boyer et al. (2019) noted that “a sample of 8—12 interviews of a homogeneous group is

all that is needed to reach saturation”.
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Fig. 2: Questionnaire’s matrix framework.
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3. RESULTS AND DISCUSSION
3.1. Field Research Results
3.1.1. Lasithi Plateau

The diversion works are mainly located at Plateau’s NW part (Fig. 3), causing only
partial landscape disturbance. Flood occurrence in the plateau is frequent during winter
time (Fig. S11, Fig.S12; see supplement section). Aposelemis project, with emphasis
on the diversion tunnel, is used for Plateau’s flood water drainage. The diversion tunnel
operates during certain periods of time and year, in association with weather conditions
and reservoir water level. Water discharge into Chonos sinkhole may be either banned

or allowed.

From mid-spring to mid-autumn, intense agricultural activities take place at Lasithi
Plateau. Agricultural pollution affects soil and water resources, both on surface and
underground (Papagrigoriou et al., 2018). Irrigation needs are primarily covered by
groundwater pumping of wells, which cease providing water during the mid-summer
period, due to alluvial aquifer’s over-pumping. Two artificial reservoirs (Fig. S10, Fig.
S18; see supplement section) have been constructed to cover irrigation needs, as
project’s compensation measure (Papagrigoriou et al., 2018). Local citizens observe
faster plateau’s flood water drainage due to tunnel’s operation. During the recent
agricultural period (2019), certain participants observed lower groundwater level and
diminished pumping duration period than the previous years, in certain wells of the
Plateau (Fig. 4).

3.1.2. Aposelemis dam area

The former landscape has been widely altered by the project. Where once were
Aposelemis valley, cultivated land and olive trees, Sfendyli village (Fig. S5-S8; see
supplement section) and the road section of Heraklion — Lasithi Plateau, today lies the
dam’s lake (Fig. 5). Sfendyli’s inhabitants have been scattered, since the organized

community resettlement never took place (Chifos et al., 2019).
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A new wetland has been created, attracting species that previously did not exist in the
area. Lake’s water volume leads to higher humidity levels, and consequently to the

formation of a new microclimate.

11/01/2020

—Main trench Supply reservoir
(tunnel’s entrance)

-11/01/2020

1:23/01/2020

ey

Siﬁkhdlé,iso{a GoogleEanths

Fig. 3: Aposelemis water supply project diversion works at the NW part of Lasithi
Plateau. Base map Source Google Earth Pro (2019).
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Fig. 4: Answers to Questions No.17a, 17d, 18 & 22 of Lasithi Plateau Questionnaire.
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The main characteristic during the recent winters (2019 and 2020), concerns the rapid
reservoir filling and the subsequent procedures of controlled dam’s overflow, for
security reasons. During recent summer periods, the reservoir maintains sufficient water
volume, despite certain amounts extracted for water supply purposes and lost due to
high evaporation rates. Under fine weather conditions, few recreational activities may
take place at the lakeside area. On August 2019, the first lakeside running road race was
organized by the local communities. Immediate downstream lakeside residents of
Potamies village observe intense alteration of former daily activities. Living near the
dam increases insecurity (Fig. 6), while during cases of emergency overflow,
inhabitants of Potamies village feel anxious, stressed and afraid. Corresponding dam
failure studies (Tsakiris et al., 2010) have concerned the residents in the past.

Locals are concerned about lake’s water quality, due to potential agricultural or other
pollution, enhanced by a dead fish incident in August of 2019. Nevertheless, the latter
does not indicate pollution according to the corresponding study (OAK S.A., 2019).
Within the immediate downstream area, groundwater resources quantity degradation is
observed, referring to lower groundwater level and cases of completely dry wells (Fig.
6).
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Fig. 5: Aposelemis dam and reservoir region.
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Fig. 6: Answers to Questions No.10, 14, 19 & 21 of Dam’s Region Questionnaire. The
answers presented concern mainly the immediate downstream village of Potamies.

3.1.3. Aposelemis river estuary and wetland

River estuary is located at a distance of approximately 11.5 km NNW of Aposelemis
dam, and consists a wetland of great ecological importance (WWF Hellas, 2008).
However, due to certain disturbance behaviours and absence of ecological protection,
the wetland suffers from degradation throughout time (Malakou and Catsadorakis,
1992; Legakis et al., 1993; The Greek Ombudsman, 2016). According to Papagrigoriou
et al. (2018), the establishment of the protection law framework for the wetland is
pending for years. Project’s design obtains an environmental flow of unrefined reservoir
water (15 L s?) straight into Aposelemis wetland at the estuary, in order to sustain
freshwater and estuarine ecosystems as well as the human livelihoods (Papagrigoriou
et al., 2018). Also, a wetland monitoring program consists part of the organization’s
duties (Papagrigoriou et al., 2018). The landscape depends greatly on season and
weather conditions. The river may be observed as disconnected by the sea (Fig. a), with
brackish characteristics, while occasionally surface sea inflow can be detected.
Posterior to intense rainfall events, flood conditions within the riverbed and outflow to
the sea, may occur. Streamflow at the estuary was observed in great width and volume
during the recent procedures of dam’s-controlled overflow upstream (Fig. b). The dry
hydrological period coincides with region’s tourist season. Various accommodation
complexes exist at the area, while occasional constructions have affected the coastal

front (Papagrigoriou et al., 2018). Uncontrolled tourist activities (i.e., sand dunes
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vehicle disturbance, solid waste pollution etc.) often disturb and degrade the natural
environment. Because of the intense human activities and constructions within the
estuary’s wider area, as well as due to the upstream flow infiltration into karstic
formations (Voudouris et al., 2007), the project’s impact cannot be easily detected.
Since the construction of the dam upstream, approximately six years before our survey,
certain participants observe reduced streamflow, wetland’s flora and fauna alteration
(Fig. ) and relatively reduced coast width at the river estuary. For the past decades,
groundwater resources of the wider downstream area suffer from seawater intrusion
(YPEN, 2017a). Locals observed increased brackish characteristics and lower
groundwater level in wells, during the last six years. However, groundwater quality and

guantity were observed to be relatively improved during recent years 2019 and 2020
(Fig.).

Fig. 7: Aposelemis estuary. (a) Surface flow discontinuity between the river and the
sea, and (b) river outflow during recent dam’s controlled overflow (11/01/2020).

4a. Have you observed streamflow alteration 4c. Have you observed wetland alteration

during the last 6 years? :Tring th; last 6 yeFrs;

I T T T T
0% 20% 40% 60% 80% 100%

® Animals,Birds,Insects  m Plants,Trees

1 Water 1No difference

11 don't know

0% 20% 40% 60% 80% 100%
W Reduced streamflow [ No difference
Oldon"tknow

4d. Have you observed any groundwater 5. During recent year 2019, have you observed
alteration in wells, during the last 6 years? any groundwater alteration in wells, compared

»Fith formFr years ;014-201;?

0% 20% 40% 60% 80% 100% | ' : : :
0% 20% 40% 60% 80% 100%

M Deteriorated quantity M Deteriorated quality m Improved quantity m Improved quality
I No difference Cl1don’tknow I No difference Ol den’sknow

Fig. 8: Answers to Questions No.4a, 4c, 4d & 5 of River Estuary Area Questionnaire.
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The survey focused on Heraklion city, due to recorded water supply issues

3.1.4. Cities of water supply

(Chalkiadakis, 2012). Diminished water quantity and quality characteristics are also
caused due to city’s old and insufficient water supply network. According to Tsakiris
et al. (2015) approximately 42% of the total inflows are recorded as losses in the entire
municipal water supply and distribution system, mainly due to inadequate metering
practices and distribution network’s ageing parts. The conditions lead to extensive
bottled water consumption, while water for domestic use is often pumped from the city
network and stored in tanks on the building tops. The research concludes that during
past years (up to 2018), the city suffered from intense water supply quantity and quality
problems, while interruption events were not infrequent. However, during recent years
(2019-2020), quantity and quality of water supply appear to have improved, and an
increasing improvement trend throughout time is observed according to citizens’
perception (Fig. 9). Participants estimate that Aposelemis project poses a positive
influence on city’s activities, and declare great interest in supply network’s

improvement.

3.2. Environmental impact

Co-evaluation of all collected data led to the detection of the environmental impact
observed today at natural and human environment, due to the Aposelemis water supply
project. Environmental impacts are characterized as positive or negative, and are
evaluated according to their size and importance, estimated for the current period and
also for the future (Table 1 & Table 2). Current environmental impacts are directly
correlated with the high precipitation rates over the recent reported years (2019 — 2020).

3.2.1. Positive environmental impacts

e High-quality water supplies today several urban areas, with emphasis on Heraklion
city (DEYAH, 2019). The impact is expected to emerge in a significantly greater
size in the future, after the upcoming improvement of city’s supply network, which
is further instructed by the high-quality water provided. As secondary impacts of

the above are expected the following:
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o reduction of bottled water consumption

o saving of household resources (i.e., expenses on bottled water purchase,

electricity required for pumping)

o improvement in citizens’ health, related to water-network quality

Did water supply quantity problems exist in Did water supply quality problems exist in your
your region? region?
100% I 100%

BO% B0%

60% 0%

40% a40%

20% 20%

096 T T 1 m T T 1
before project  partial full operation before project partial full operation
(before 2015} operation  (2018-today) (before 2015} operation  {2019-today)

(2015-2018) (2015-2018)
ONo COFew @ESome MMany MAot ONo COFesw EHsome BMMany EAlot
Were there any interruption events of water Did you drink tap water ?
supply in your region? 100%
100%

B0%

B80%
60%

60%
40%

40%
20%

20% -

o% T — T 1
o o Ry 2 ‘M & N beforeproject  partial  full operation
K08 proNect pam:.i operaion (before 2015) operation (2015-today)
[before 2015) operation (201%-today) (2015-2018)
{2015-201E8)
O Yes, without filter 0 Yes, with filter
Byes [ONo W No, bottled water only MSomething else

Fig. 9: Answers to Questions No.5a-5d, 6a-6d & 7a-7d of Water Supplied Cities
Questionnaire. The answers presented concern mainly Heraklion city. The results are
presented in groups for optimum apprehension.

o improvement of the urban landscape, by removing no longer needed
storage tanks from building tops
o reduction of municipal solid waste, in the form of discarded plastic bottles.
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e Tunnel’s intensive operation during emergencies, improved flood water drainage
in Lasithi Plateau, with subsequent improvements concerning security and
facilitation of certain agricultural activities (i.e., livestock etc.). The reported flood
water drainage improvement is compatible with the national flood risk management
plan (YPEN, 2017b).

e A new wetland has been created at the dam’s lake. Apart from the ecological
importance, lake’s landscape is appreciated by many visitors, affecting positively
their mental health and inspiring art production (i.e., photographic capture etc.),
while few recreational activities take place (i.e., the organized running race).

e Dam’s water availability has a positive effect on reducing groundwater pumping.
The impact is just starting being slightly observed, and is expected to acquire a
greater size in the future. It concerns aquifers at various locations that used to
provide water for the cities. According to Tsakiris et al. (2015), a number of
aquifers providing water supply for Heraklion city have exhibited qualitative or
guantitative problems, which emphasizes the need of water withdrawal reductions
towards groundwater resources sustainability. Potential pumping reduction

concerns also island’s karstic aquifers of bottled water extraction.
3.2.2. Negative environmental impacts

e Surface flow downstream has been significantly reduced, as a common
consequence of damming a river (McCartney, 2009). However, during dam’s
overflow emergency procedures, large amounts of water were led to the immediate
downstream riverbed area.

e Groundwater resources of three distinct areas are affected:

o Downstream aquifers are affected due to their supply connection with the
diminished adjacent surface runoff. Subsequent secondary impacts concern the
disturbance of certain agricultural activities downstream (i.e. reduced water
availability in irrigation wells).

o Sinkhole isolation work in Plateau possibly disturbs formerly supplied karstic
aquifers, expected at various regions of the wider area (Voudouris et al., 2007).
During recent years, certain amounts of water were discharged into Chonos
sinkhole, despite tunnel’s intensive operation. The impact has not been fully
observed today, but is expected crucial during future dry hydrological years.
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o Plateau’s alluvial aquifers’ recharge may be disturbed due to the faster drainage.
Flood water previously remained longer, recharging the aquifers for greater time.
During summer 2019, reduced water quantity was observed in certain wells of

south and east regions.

A new microclimate has emerged at reservoir’s region. The new lake increases
humidity levels and welcomes insects’ populations. Subsequently, related health
disturbance in certain cases of lakeside residents is observed.

Water diverted through the tunnel into the reservoir may carry agricultural pollution
load. As a prevention measure, tunnel’s operation is avoided during autumn period
(Papagrigoriou et al., 2018). The impact is also based on recorded local opinion and
perception.

The dam increases insecurity among lakeside residents of the immediate
downstream village. The impact acquires greater size during the cases of
emergency, when many inhabitants of Potamies village express feelings of anxiety,
stress and fear.

Flooded Sfendyli village led to a community resettlement as a consequence of a
dam structure (Piggott-McKellar et al., 2020). Sfendyli residents, although
economically compensated, were finally scattered, and their organized relocation
never took place (Chifos et al., 2019).

The former ecosystem of the dam region has been greatly altered. Cultivated land
and olive grove fields, “famous for high-quality olive oil” (Chifos et al., 2019) have
been submerged.

The loss of family acquisitions expropriated by the project often creates feelings of
sadness or melancholy. As Boyer et al. (2019) noted, people often show a strong
emotional attachment to the environment they live in.

Project’s constructions affected soil / rock resources of certain regions.

Slope stability issues emerged at the new road section, with emphasis on a landslide

event (in spring 2020) that led to traffic interruption for over a month.

o Slope stability issues were observed at the lakeside area after lake’s first filling
(Papagrigoriou et al., 2018). A major landslide emerged on spillway’s slope
(winter 2015) (Papagrigoriou et al., 2018).

o Anunderground Karst cavity system was disturbed during the construction of the

tunnel (July 2016) (Giitter and Rudigier, 2016).
145



Volume

o Downstream sedimentation disturbance is a common consequence of dam
constructions (McCartney, 2009; Ji et al., 2020; Lyu et al., 2020). The impact is
based on certain locals’ observations of coastal width reduction at river estuary. It
is a cumulative impact, due to additional disturbance caused by coastal
constructions in the wide area, and cannot be straightly attributed to the project
alone.

e In certain regions, the constructions affect the landscape (e.g., at tunnel’s exit).

e At the NW part of Plateau, in vicinity to the sinkhole isolation work, persistent

flood incidents occur. The impact is estimated of a small size and importance.
3.3. Proposed measures and good practices towards sustainability
Recommendation for Lasithi Plateau and upland area:

e Implementation of groundwater observation programs on both the alluvial and
karstic aquifer, in order to monitor possible effects and apply adequate prevention
and mitigation measures for groundwater resources protection. Malago et al. (2016)
developed a simulation karst-flow model for the island of Crete, as a methodology
and a tool for the integrated management, conservation, preservation and
sustainability of karst water resources of the area.

e Sustainable agricultural techniques, allowing to reduce production inputs,
especially irrigation water and fertilizers (Provenzano et al., 2013). Certain promote
policies are mandatory to ensure farmers’ adoption (Bechini et al., 2020).
Optimization of fertilizer usage may affect positively reservoir’s water quality,
leading to subsequent reduction in treatment costs, water price and CO; emissions
(Kandris et al., 2019).
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Table 1. Observed environmental impacts of Aposelemis water supply project, on

Natural variables.

© Current Future
o < . Period Estimation
—- o < [
g 3] , o 8 g 5] 5]
§ g Impact’s Description § g @ E @ E
& 2 O o S @ S
= E E
_ Lasithi Plateau’s flood water drainage P + H H H H
[<5]
‘;“ Reduction of the surface runoff downstream DS - M M/H M M/H
(5]
é Agricultural pollution transport into the reservoir D - M M M M
>
)
Flood conditions at NW part of Lasithi Plateau P - L L L L
_ Disturbance of groundwater supply downstream DS - M/H M H H
[<5]
g Disturbance of upland karstic aquifers’ supply U - L L/M H H
©
% Disturbance of Plateau’s alluvial aquifers’ recharge P - L L M M
o
Reduction of groundwater pumping G + L L H H
Disturbance of sedimentation downstream DS - L L H
X 0
S 8 | New alignment’s slope stability issues D - L M L M
x s
- O
'5_; § Lakeside area’s slope stability issues D - L* L* L* L*
Disturbance of underground karstic cave U - L* L* L* L*
o New landscape of dam’s lake D + H H H H
[
é Landscape disturbance at technical works’ areas P,D - L L L L
c
(351
- Improvement of urban landscape C + L* L* M L/M
Climate | Alteration of lakeside area’s microclimate D - M M M M
c Wetland’s supply disturbance E - L L M/H | M/H
[<5]
% Formation of new wetland at the dam’s lake D + H H H H
o
(&S]
W Alteration of dam’s area former habitat D - H L H L
General | Municipal solid waste reduction G + L L H H

Reference Area: C Cities, D Dam’s region, DS Downstream area, E Estuary, G General, P

Lasithi Plateau, U Upland area.

Character: [+] Positive. [-] Negative.

Size / Importance: H High, M Medium, L Low, [*] Not currently observed. Potential future

impact.
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Table 2. Observed environmental impacts of Aposelemis water supply project, on

Human variables.

< Current Future
o < = Period Estimation
c B < [
g 3] - 8 =) 5] 3
E % Impact’s Description § LB @ E @ g
& % O n =3 n =
cc E E
£ Water supply for several urban areas C + H H H H
@
= Improvement of network in the city of Heraklion C + L L H H
<
z Household resources saving C + L L L/M L/M
IS
g Tourist activities facilitation C + L L H H
(S]
UC'J, Sfendyli former inhabitants displacement D - L L L L
'S
(@}
n Improved flood security in Lasithi Plateau P + H M H M
Lakeside residents disturbance due to new
— . . - S D - M L M L
S < | microclimate characteristics (humidity, insects etc)
o Improvement_ of citizens’ health related to water- c + L L L L
network quality
£ Increasing msecur_lty, an?uety and fear of immediate D i H L M/H L
< downstream lakeside residents
T
= Sadness of former owners’ loss D - L L L L
[
S ; —
S Lake’s lanc_is_cape affects positively the mental D + L L L L
health of visitors
New lakeside activities D + L L M/H | M/H
(%)
3 Cultivated area loss D - H L L L
e
§ Agricultural activities in the downstream area DS - M L M L
Agricultural activities in Lasithi Plateau P + L L L L

Reference Area: C Cities, D Dam’s region, DS Downstream area, P Lasithi Plateau.

Character: [+] Positive. [-] Negative.
Size / Importance: H High, M Medium, L Low.

In dam’s region, the sustainable development of the reservoir is very important (Ho and

Goethals, 2019). Sustainability goals combine environmental quality with socio-

economic improvements. The recommendations include:
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e Ecotourism and organized leisure activities near the lake, that respect the
environment while involving and providing economic benefits to the local
community, according to UNESCO principles (Idajati and Widiyahwati, 2018).

o Application of sustainable energy projects, such as a small hydro turbine at the end
of the diversion tunnel (Nikolaou et al., 2017) and photovoltaic systems on existing
infrastructures (OAK S.A., 2018).

e Implementation of wastewater treatment plant, removal of certain materials within
the reservoir area, and slope stability measures implementation. As Wilk-Wozniak
et al. (2021) noted, “keeping the catchment tidy and unpolluted is the basic
recommendation for managing of dam reservoirs”.

e Proper administrative policies in order to facilitate lakeside residents’ everyday life

and reduce any negative feelings.
Recommendation for the downstream area, river estuary and wetland:

The establishment of the pending protection law framework for Aposelemis wetland
(Papagrigoriou et al., 2018) is crucial for its preservation and sustainability.

The anticipated wetland observation program, a duty of project’s organization
(Papagrigoriou et al., 2018), may indicate additional protection measures concerning
the downstream ecological water flow and sedimentation. As Albert et al. (2021) noted,
“conservation actions are most effective when they are implemented with full
recognition of the genuine fragility of ecosystems”.

Due to the degraded groundwater characteristics —seawater intrusion— of the wide area,
protection and mitigation measures should be applied. Basic recommendations concern
the implementation of groundwater observation programs, the application of a complete

water management plan, which can be combined with artificial recharge techniques.
Recommendation for the cities of water supply:
Implementation of actions that complete project’s scope, such as the supply network

improvement of Heraklion city, and pending constructions for the supply of tourist areas

in Lasithi district.
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o Effective management of freshwater resources, as one of humanity’s highest priorities
(Albert et al., 2021), with emphasis on policies that inform and educate citizens in order

to raise consumption awareness and promote water resources sustainability.
4. CONCLUSIONS

As “subsidy restoration may require a different set of actions from simply reversing the
pathway of degradation” (Buckner et al., 2018), the observation of environmental
impacts is crucial even from the initial time period of a human project’s operation. On
this basis, the current investigation concerns environmental impacts due to Aposelemis

water supply project, observed during the first years of its full operation.

Among the observed positive effects are urban areas’ water supply and improved
Lasithi Plateau flood drainage, while among the negative consequences appear water
resources impact and feelings of downstream lakeside residents. The recorded
environmental impact is directly correlated with the high precipitation rates of the
investigated period. In case of future changes, the environmental impact should be
reevaluated. Certain environmental effects are not fully observed, and the current
reference period may be premature for the full evaluation. The investigation indicates

project’s initial environmental impact and sets the main axes for further future research.
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