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ABSTRACT

The paper deals with hydrogeological and geothermal conditions of this area that represent one of the
largest karstic basins in Albania. From the geological setting the area consists of all types of deposits, but car-
bonates are predominant. The carbonate deposits represent eroded structures that arc exposed in the highest
parts of the relief, that in general is mountainous.

The heavy rains, developed karst, intensive circulation of waters as well as the isolation screens in west of
Mali Gjere structure and within carbonate deposits have conditioned forming of several springs with different
flows. With great interest are the data on the movements of underground waters in Drinos syncline and their
influence of having of low geothermal gradient values in this area. There are many problems for their further
study, carrying out of complex analysis as well as the monitoring and managing of these springs in conformity
with international standards.

KEY WORDS: Mali Gjere, Drinos, Saranda, Syri Kaltert spring, undcrground waters, karst, geothermal fea-
ture, underground movement.

1. INTRODUCTION

The study in complex of the surface and underground waters, is an effective method to define their genesis
and movement as well as to evaluate those. This paper aims to make a general presentation of the data for the
Drinos-Saranda area. This area is located in southern part of Albania. It extends in Greece in south and east,
Jonian Sea in west, and contacts with Kurveleshi massive in north.

In area many springs are evidenced that are rclated with deposits trom Quaternary to carbonates of Triassic
age. The waters with origin from carbonate deposits are predominated. These data are evidenced in several
wells drilled in this area. There are also many data as to rivers that run through arca and Butrinti Lake. The
analysis is carried out at different periods for a period of time relatively long and for different purposes. This
fact does not allow the comparison of these data and drawing of the exact conclusions.

Even the watcrs are present in area; there are several problems for their using. This is related with the
manner of distribution of these springs, their yearly water flow, demographic development of area ctc. The most
important is the level of using of these springs, especially for public nceds.

2. SOME DATA ON STRATIGRAPHY AND TECTONICS

The Drinos-Saranda area is part of the Jonian Zone. It is located in southern extremity of Albanian territory
and continues in northern Greek territory.

The evaporate deposits outcropped in the western wing of the Mali Gjerc structure is the oldest deposits
encountcred in this area. These deposits are exposed at the surface through tectonic faults(Fig 1). These depos-
its are also encountered by Delvina wells as well as the Butrinti-1 well that is drilled in Xara-Mursi diapir. These
deposits consist of clays, breeches, dolomitic limestones, gypsum’s, anhydrite, rock salt etc (Papa 1980)). In con-
tact with these deposits are massive dolomites of the Upper Triassic age that consist the central part of the Mali
Gjere-Bogaz anticline and other structurcs in depth.

Successively on dolomite deposits lay carbonate deposits of Lower Jurassic to Palecocene age represented by
dolomite limestones, algae limestones, crystalline imestones, pelitomorf limestones and micritic limestones
intercalated with cherty lents etc. Within the carbonate section, the Toarian and Albian schistosc beds are
evidenced. The thicknesses of these deposits are considerable and these are assumed to be possible seals (Papa
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1980). Sinsedimentary faults are evideneed i the Mali Gjere section, particularly in the Jurassic deposits. The
Mali Gjere section ds the only one pelagie section in Jonian Zone for Mesozoie deposits. With its position,
cxposure. characteristie biofactes, perfect bedding as well as the presence of the slumps horizons does it with
speetal values for geosciences. The {lysch section of Palcogene is represented by clavs and sandstones interca-
lated with limestone beds which are more abundant in the oldest part of the scction (Mertiraj 1985, Nazaj 1985).

The package of clays and marls with sandstone lay on the top of the section. It is with interest to emphasize
that starting from Lower Jurassic to Hatian it is evident the reducing of thicknesses of these deposits from East
to West and {rom wings to the tops of structures

The Aquitanian deposits are successive on the old ones while in Libohova those are with stratigraphic break
on Oligocene deposits (Gjoka 1970). In the north of Drinos-Memaliaj syneline, the Burdigalian deposits are
represented by successive marls and limestones while in Saranda area, the Burdigalian deposits are transsgesively
to the flvseh deposits. Characteristic is deposits of Burdigalian deposits that set up the Finiq hill.

The Langhian-Scrravalian deposits in the northeastern part of Drinos syncline represent the regressive ma-
rinc tongue towards north (Fig 1). In southwestern part, in Butrint zone and Xara-Mursi ficid it is distinguished
transgressive laying of Pliocene deposits with presence of coal strata (Mertiraj 1985). The Quaternary deposits
on the slops of mountains arc represented by breceias, while in the values of rivers and in ficlds are represented
by gravel and clays.

The structures have in general SE to NW orientation and continue in the form of chain, or northern periclines
displaced towards cast (Mali Gjere). In generad, the structures are asymimetric, with simooth castern wings while
the western ones are faulted and overthruested towards west, There are cases ot fan and back thrust structures,
the most typical case is the Saranda anticline(Fig 2).

From East to West are evidenced:

Aaticline belt of Berati with carbonate structures of Lunxheri and Bureto

Synclinal belt of Drinos-Memaliaj

Anticline belt of Kurveleshi with huge carbonate structure of Mali Gjere. while in the west separated through

Dhrovjan-Humelice synchine, are located the anticlines of Krongji-Shendeniko, that continue in north to-

wards Bistrica and Ftera, anticline of Cerkovica that continue to the North in Fitore, Krane-Finiq, as well as

the anticlinc of Cembeli, that are separated through the synclines of Velahovo Grazhdan and Memorahi.
e Synclinal belt of Vurgu
e Anticline belt of Cika, which consists of Saranda, Cembeli and Bogazi anticlines.

(]

. IN GEOMORPHOLOGY AND HYDROLOGY BRIEF

Generally, the area is a mountainous relicf and with relative high quotes. The euastern chain of Lunxheri-
Bureto that is interrupted by Selcka valley have a elevation of 1800-2100 m. Mali Gjere structure is high 1450-
1600 m. Exception is Qata Muzina with elevation of 572 mi. Towards south the clevation reduces up to 1200 in
the Albanian-Greek border.

The Dropulli valley 1s a narrow one between above-mentioned units, with presence of hills in castern part.
Its maximal width is up to 5 km. The Drinos River that runs through it has a water-collecting basin about 500 km”
of which half is within Albanian territory. Kseria and Suha streams and Viroti spring close to Gjirokasta town
pour in it (Fig.1). The average flow measured in Lekli bridge is 9.1 msee during the period with rains (Octo-
ber-April). The average yearly rainfall is over 2100 mm.(Pano 1985)

The Vurg ficld with a little bit hilly reliet in castern and southeastern part, is run from Kalasa-Bistrica rivers
with a water-collecting basin about 450 km® with abundant flows during all year (Fig.1). Analyscs data show
water with similar features with it of Drinks River. Changes happened in water regime in 1969 when the pour of
Beatrice River changed from into Burundi Lake to Saranac bay, in Coca (Piano 1985). In southern part meander
the Paclla River with a water-collecting basin about 375 kin®, of which 300 km” are within Albanian territory. The
average vearly rainfall in Saranac arca varies from 1300-1600 mm.

The Burundi Lake with a surface of 16 km’ is located on carbonate and evaporates deposits of Triassic age,
The connection of this lake with Joni and Sea and the active exchange of water are realized through a channel
with a depth of 6m and a width of 160-80 m (Fig 1). The average depth of fake is 14 m, while the maximal depth
is 23m, In southeast of Butrinti Lake is located the Reza Lake. The water of Butrinti Lake is salty, with total
mincralization of 24-36 gr/l and of chloro-magnezial type. Up to the depth of 7 m it is determined a gradual
increase salinity, while deeper is stabile (Tab 1), Waters of surface springs that pour in it, in southern part, in
total have a flow of 850 I/min. These waters are very rich in H S and its decomposition has caused massive
destroy of fauna. This plappakeBiBAioBIIH HBebppdiotons ﬂfp}mérﬁ'sdj){w@gum@_@s{ 40 years (Mertiraj 1985).
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ACE AND UNDERGROUND WATERS, THEIR ORIGIN AND MOVEMENT

Drinos-Saranda area is the main water poolin Albanian territorv. which is related with carbonate deposits.,
Carbonate deposits extend almost in 2/3 of region. Only Mali Gjere structure has a surfuce of 450 km*. Informa-
tion collected in wells drifled has proved continuation of the structures further. towards north,

Funnels. dolina and karstic ficlds, hanging valleys, vertical wells and caves with different dimensions charac-
terize in general the morphology of the carbonates. In these carbonate deposits is developed poorly surface
hvdrographic net. in contrast with underground one. which is more developed. In conformity with degree and
character of permeability, the waters are characterized by flowing in channels or the diffuse tlow (Tafila) 2000).

In the karstic zones, the effective infiltration reaches value of 45-35% of the annual rains. In Mali Gjere
mountain, this value reaches 1200- 1300 mmyyear.

The karst phenomenon is developed in Saranda arca as well. The western part of the Mali Gjere wing, the
karstic phenomenon is well-developed. The sume phenomenon is identified in the other carbonate structures.
This phenomenon of karst is studied in the Bistrica tunnel, which penctrates Krongji mountain that it is opened
for using of the water for power generation in the Bistrica hvdropower station. Carbonatic massive of Mali Gjere
represents a complex with huge water reserves and springs with rates from considerable 1o low. Water move-
ment direction is different, for the lower horizon mainly it is towards west, as to two other upper horizons it is
towurds cast without excluding flowing towards west.

Lower horizon (Upper Triassic-Lower Jurassic) is the most powerful horizon. It discharges huge quantity of
water i the Syri Kaltert, Kardhikagi. and Navarica springs. The springs are located over the contuct between
evaporates in north and flyseh deposits in south that serves as sereen. Syri Kaltert is the main spring. 1t has stable
flow rate of 18.5 m'/sec. Its clevation is approximately 365 m. The other horizons, which are scparated from the
Toarian and Albian shalces hypsometrically, are relatively higher and in these deposits there are springs with low
flow rates und have a scasonal character. Viroi spring is the main one, it is with considerable flow rate. but
during the summer it dries up. Its origin is as result of infiltration of the rainwater in the depth through porosity,
fractures and vogues. The samc origin has and the cave of Kalogoranxi with a water table of 4 m above scu level
in summer. In winter the water runs from cave to Kseria stream (Gjoka 1970) To emphasize developed karst in
this region, the people of the region is still telling a Jegend where to drown bridge in Scotinia was found in Virua.
10 km in north.

Carbonate deposits in Drinos syncline set up a basin with intensive water flow up to its center at a depth 2000
m. and sometimes deeper. In the wells drilled in Erind and Nokova. during the testing it was identified the
presence of fresh waters, similar with surface waters, with low temperature and of tvpe bicarbonate-sodic. In
these waters, bicarbonates, sulfates and other alkaline metals are predominant{tab 1). This depicts for a direct
communication with surface and intensive flow. Higher mineralization and higher content of the components in
the water of well Erind-2 in compare with that of the well Nokova-1. et us to draw the conclusion that there are
two springs. this means one from Mali Giere and the other from Lunxheria. (Fig 3)(Tab 1) The Glina spring is
related with zone of the contact between carbonates and evaporates. [t is of the type sulfate-sodic (Sota 1982).
Due to its curative properties, it is used for a long period of time as drinking water. Last time, the cold waters of
Ui Frohte {Tepelena) and Libohova (Burcto) are using as drinking water.

Intiltration and flowing phenomenon in carbonates is present also in the west of Mali Gjere in Saranda, but
with lower intensity. Typical is the water flow from Cerkovica and Livina to Fitore, Bistrica and Kalcat. The
fresh waters of the bicarbonate-sodic tvpe are encountered at different depths, from shallowest Tevels 200-300 m
in Bistrica, Fitore and Delvina Fig 2). at medium depths approximate 1000 m. in Vana, and at depth 1500-2000
m. in west, in Fitore and Kalcat. In the wells of Fitore, during rains scason discharge on the surface. while during
the summer the water table is about 100-150 m from well heads (Tab 1).

Salted waters are encountered in the wells of the Crane, Finig and Delvina ficlds. In general, the degree of
filtration and circulation of waters are related both reservoir properties of the carbonates and development of
the fractures and karst. that in the carbonates are heterogeneous.

In the Butrint-Mursi arca, in the Bogazi anticline there are some water springs that are related with zones
with good reservotr propricties. Two zones with powerful springs are evidenced: One during the Pavla riverbed.
in its deltaic part, ncarby Jonian Sca and the other between them (Fig 1), Flow rates of springs are high. with
waters of chloro-magncezial type and mincralization up to 4 gr/l (Mertirgy 1985). Wells drilled in the south of the
Butrinti Lake have penctrated both Upper Triassic carbonates and Pliocene deposits. Analyses of waters from
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wells drilled for water are low 0.4-4.5 1/sce. with origin from infiltration of the rains, with a static level 2-15 m,
and of chloro magnezial type (Tab 1). During the summer period the flow rates are lower (Pano 1985). The
springs of Quaternary (Pleistocene) deposits that are related with breceias of slopes mainly in the western flank
of Lunxheria, are with low up to medium tlow rates and bicarbonate-sodic and sulphate-sodic types (Papa 1980).

5. ON GEOTHERMAL CONDITIONS OF. THE REGION

Based on the regional geothermal study, it is concluded that this area has geothermal gradient values lower
than those of the western part of Albania (Gjoka 2000)(Fig 4). This phenomenon is due to predomination of
carbonate deposits on surface. Developed tectonics and karst influence in these values. This phenomenon is also
present in the northern part of Greeee, where the values of geothermal gradient are lower then those in other
part of territory (Tahtikos 1985). The abundant ruins, intensive infiltration and circulation of the cold waters at
considerable depth have caused the deformation and decrcasing of depth temperature. Lateral effects of the
underground water flow are present up to several kilometers far, while in itself carbonate structure have de-
creased considerable geothermal gradient (Gjoka 2000).

Based on dirceet geothermal data measured at wells drilled in Drinos area, the geothermal gradient results to
be low (0.18-40°C/100 m) in Libohova and Erind, whereas in Nokova arca is —0.07°C/100m. (Nokova-1 well).
Despite of mistakes that come as result of the short period of leaving the well for stabilization, it result that at
Nokova-1 well which is close to Lunxheri carbonate massive, the geothermal gradient to be negative, This sup-
ports what it is mentioned above.

In the southeastern part of Saranda, in the zone with intensive cireulation and infiltration of the waters, the
geothermal gradient is low (0.1"C/100m). The data are measured in wells of Kaleati. From Butrinti towards
north and from Delvina towards west (in Vana). the gradient values inerease from 0.6 and 0.45 to 0.72 "C/100m
respectively. Generally, these values are lower then in other part of Jonian Zone. These data show for a gradual
increase of the geothermal gradient from cast towards west. In the Jonian Sca, where Pliocene and Miocene
deposits increase generally their thicknesses (as it was resulted from scismic acquisition performed in shelf) the
valuc of gradient should be higher (Gjoka 2000).

The results of several analyses performed on samples collected on tlysch deposits of Saranda arca showed
lower thermal conductivity than the other part of Jontan Zone. To draw accurate conclusions about this phe-
nomenon, it Is necessary that a great number of samples for all deposits of this arca should be analyzed.

(=2

. CONCLUSIONS

Studying of the Drinos—-Saranda area brought us to the following conclusions:
1. The carbonate deposits dominating in the region build up anticline structures, in general asymmetric, with
Lectonie faults and overthrasted towards west. The mountainous and rather rough relief is related with devel-
opment of this structure in time.
The presence of developed karst in this area favors a high infiltration that is about 45-55 % of unnual rainfall
on Mali Gjere region.

2

3. The presence of shale horizons within carbonate section and the sereens mainly in the west have conditioned
for Mali Gjere the presence of three water bearing horizons, where the first is the strongest.

4. On the western part of Mali Gjere, the springs are above the contact of cvaporates or {lysch that serve as
screens, the most powerful is Syri Kalterte spring. On the castern part, the Viroi springs and Skotinia are
situated at the clevation 270m. The waters of springs are gencrally bicarbonate—sodic type and less of the
sulphate—sodic type. The chemical composition of these waters is result of the type of rocks that these waters
penetrate and the distance up to their springs.

5. The waters that discharge in the Butrinti Lake is relatively saline because during filtration these waters
contact with evaporate diapir of Bogaz.

6. Hydrogeological underground pool does not mateh with it at surface. 1t is bigger because of communication
with neighbor pools, such as the case of Mali Gjere and Lunxheria. Circulation proved at a distance about 20
km, from Erind-Nokova to Libohova shows that almost all the Drinos syncline has a intensive cireulation of
walers.

7. The presence of bromine and iodine at waters from Erind, Nokowva, Fitore. Kalcat and Vurg wells shows that
carbonate scetion 1s penctrated by migration of hydrocarbon.

8. The arca is characterized by a low value of geothermal gradient sometimes to negative onc which increases

slightly passing to west angh itk BigMOSKRM "BeoEeRT8L - TuRIRIFEwAoyiag. A.M.O.
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Tuortdhions o ue cEloroyn meQLErTRGTITG 08 PrrosnEvic. Koo TeLToviAG (a0 nolotiZd Toug eivat
OLT¢En Toug g dow] uvTLLAvow, Tou omolou o dSovag dtevtivetat BBA-NNA. Tua otomudte mepouctdiony
vevizy otevbuvon BBA »au uéon #alon 20" BBA.

Or aofeotdiifor avtol TeoovotdLony AUENUEVI} ZUQUTZATNTH Z0Td UNXOg TV LEY A onydtov. Ta o
FAQUATNOLOTUAG, ZOQOTUAR (ULVOLEVEL THE TEOQLOYNE EIVEL TR (voLy T OmiAaLe — EVOEIZELIS RULALOULTIE — TOL
ONWoLOYHIN7aY (TG TO «TAAPIUO» TOV ZULETOV TOB TOOOEAQOIUY OTH AOGOUE QT XL QUTORONZaV #el HeTt
™ Padaic ovaduon g meoLoyis.

O onuavTATEQOS BIYOGEGVOE VEILOVTIS TNE TEOLOYHS EQEVVUT (PLAOSEVE(TUL 0T (vt ICjuuTa g
Zoovng Fepodpou-Towdkews. H augnuévn vdoo@ooit toug eivat axoTELEGI TOU DEVTEQOYEVOUS TOQMDOUS.
TOU OEERETUL 0T OGN TEATOVIAV TRTEMY EGEALITUOT 2l DLATUNONG TOU OOYIIIUY JTOV ZUTULEQUOTIOUD
TOV TETOMUATHV AL TO TYHUATIOUO TV UTAQATINTWV (705 OV AUZLOPOOLUE TOV Z0QOTUA0U VEOQO U, OL OLeQaoleg
GUTEC EVITYUOVTOL QTG T OLAUTUA QOO TOU ZUOOTIZOT VEQON TOU TOOXAAEL T DIEVOUVOT TV AAQUTIAMV
YoV,

To veQd TV ZUQOTUNY TETQOUETEN UQIOTATAL, THY TEAULUTERC DE £HETIH, EVIATUA] EXUETAIAENON (LTS TOVG
ZUTOZOVE YL 1deTIROUE gromois. Evrottolg, 1 exonxti aiiSnon v aviajoemy oy TeQuoy Oev qalvetal
v emneface za0dhou ) Slate Tov %UQoTRoU LAQOEEYOL 0QILOVTY, ST TEOEAMPE amd oTallnueToqoeLg
hh(t A0 TO LOOTHYIO UTGYELMY VEQMIV TOL AQTUOTIOTILE YIC, TOV 1dQOEG00 (AUTOV.

WnoiaknA BiBAI0BNAkn "OedppacTog” - TuAua Mewloyiag. A.MN.O.
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Zyjua 1: Fewdoymnog xdotns »at tourf myg megroyiic osvvag (1L.ILM.E, 1980)
Figure 1: CYRQIECABIRNMOSAMT FESORRESHOSS tilridedremMpeaqi ATMRE, 1980)



3.1 INEZOMETPIKEEZ METPHEEDY

H zutaozeu] a20motov TeOUETOIZOY YaQTOV 0TOV ZUQOTIZO 1800@ooo 0ortovia e NA totgualig
TO/RATOTON0NZE LETAE T NAOGAALON TUvONZov Noer(g TOU BOQOEOQON ATl T DAOHELEL TOV UETOMITMY
72l 1) StevEoyeia yooootaluov netojos oy vymins uxolfeias ota onuela petonong. Xto oypjua 2a
TEOOVOLALETHL O TLELOUETOIZOEC XAQTNG TOV UVTHOTONEL OTNV TE0000 1yMAL 0TOUNE TOU £UQOTUZOL BOOOGOO0D
(Amolhog 2000).
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Zyprjua 2: (a) Hielouetoweos ydotng »at (B) ydotns yeoypagixijs xaravourjc tov
ZAWOIOVTWY 0TOV %a00Tixo vOgo@opo 0pitovra NA Towpviiag (Mdiog 2000)
Figure 2: (a) Piezometic map and (b) map of the geographical distribution of
chlorides at the SW Trifilia karstic aquifer (May 2000)

ARG T UEAETN TOU TTUQULTEV YAOTH TOOAITTOUY Tt £51jG:

- Hryevenj otetBuvon gong tov umdyeton 2aootizol veoo eival amto B rgog N moog v e Loy T TaQaATLig
ZaQoTng mnyric Mdan Faeoyahuivov., Axozaloe zapamootiviat oy xepory] BA tov Faoyaiudvov, dou
TO VEQS aiveTan ve vaveltun o8 wie dtedluvon mtepimou A 1oog A zar omyv tepoygr] BA tov Boouoveplo
GOV 1 GO AIVNONS UETATOETETUL 08 NA.

- To vdOUULLES EOOTIO TOU “AQOTIZOT VHQOGOO0U OQILOVTL TAQOUVOLGRLE L DeTIRES TLLES O GAN TOU TV £XTAOT,
(20U 2L OTIE THQALTLES TTEOLOY ET RO PLELOVETUL GTUILA(L (TG TV TEQLOYT] TV PRAUTOOV TYOC ThY TEQLOKT
™ TaQGXTLIOS »aQotxg myis Mat Fuoyahdvorv, ue adrereg otaluec ov Sexeovolv we +10 m.

- H uéom vdoauviizn vhion avégyetal o 1.1 % won zopaivetan axd 0.17 £og 3.2%0.

A6 ™ 0Uy2LoN SLadoyIHOV TLECOUETOIAOV YUQTOV (TG ENEES L VYQES TEOLGOVE TQOXUTTEL Tt 1 UEo)
ETHOLE SLABUU VO] TS OTATEAE OTADUNE TOU ZaQoTizot LG voLovta vEoyetan o 1.055 m yia 1o
VOQOAOYLEG €105 1999-00 evod yia 10 €105 1998-99 avijtle o 2.645 m.

WnoiakA BiBAI0BNkn "OedppacTtog” - TuAua Mewloyiag. A.MN.O.

- 1888 -



I2IZQZYTTOYIHOTEIGN NEPQN

To 16000 UTAYEDV VEQUIV £ R@OULeTer cotd iy axdon (TODD, DU 1980): Eicpoés = Expoég = umdyein
rtotpzevany. e )y TegLoyr] €oeuvas 1) Oxeat aum uoel v yoagtel g £912:

5 I\" =0 petel) Hog £ R SOV

1 ) Zatswaduon, [, 1 dujinon wro my 20T Tny ToTHHoy eYaoony, Q) oL roYewEs expo€s, Q1 meooy) s
AVQUTIS TUYIS, ¢ OL ETO1ES AVTROUNEVES TOCOTNTES VEpou zaw R 1o oubuoriza aroféuara,

H maodnetoos mz dmnonz. 1Eom 5 1ol ToU xeytdooon Aayrotpaodou, petprdnie o nueorota faon,
L 7001 WUAIUZ0U, 5 1] OLAgoQt T (T0POONE OT¢ Onuele eLoGdOU “Ul 20000 TOU YLELRGAQOOU OTOUS
cofie otirtdons PLAluTemY. ATO TG HETQNUEIS QUTES £xTUO0NZE ®AL O CUVTEAEOTNE ZUTELCOVONS TLHV
cofieotorov, Tov avépyetal oto 0% g enjowas Pooydttwons. H xaoon) myz zaootxs spme Mdn
Tagybacvay TOOOdI0OTTTIKE UE HETONOELS LUAIOZOL, OL ETHOLEG UVTAOUNEVES TOOGTITES VEQOU (0 OTOLYE [
Tov yoonyninzav uxd tov T.OE.B @Alatomy %ot i oTotze it TV LOLOATATMV TuV YEOTOHOEMY EVD T
ovbuoTize axolduute ¢mrd Tor BEOOUEVH TMV TLECOUETOLXMY NETONoemV. TEAOZ, oI vadyeeg expotc
TOOTVOQITTNAAY 115 1] NAEOOC HETHZD TOV FUVORADY E10Q0WV %M1 EXQOMY (IO TV DOQOYEMAOYIAY AEAAVT).
Zrov tivazae [ 1ou azohovleld Teoouotdleto T0 L0oCHYIO UITGYEUnV VEOMV TOU XUUTIZOT LdQOGGQoT 0plCovtw
Y1 T BOQ0RoYILD £Tog [999-20010.

Hivaxag 1: Ioolvyto voyeiov vepdy Tov xagorizot vigogogov ogitovra NA Tpiupviiag
yia 1o végoloyixd rog 1999-2000 (m')
Table 1: Hydrogeological water-balance of SW Trifilia karstic aquifer for the
hydrological year 1999-2000 (')

YApoAOoYy LKO | BErToTn I, - Q [oF 9] R,
Etoc (Km?) (x 10%) % (% (= (% (%
16%) 10°) 10°) 10%) 107
1999-2000 40 11.64 4.14 4.83 0.15 10.8 0.84

AZO TO L00LUYI0 VTS @uivetan Aabuod 3TL 0 CUVORZOC ETOLOS (UGS ETAOUTIONGE TOT BOQOEGQON
00LLOVTCL £ven LEVUAUTEQOT (5T0 TS ETHOLES UVTANUELS, YEYOVOS O £5nvel 1) yoovid otaley mogelu M2
neeCopeTonis tov emugavetas (ayfua 3). H dlaqgood e1o00oudv s £200mv Tob 100Luyiou evTiatouel oty
TOGOTITCL TOV LUQOTIAOD VEQOU TOU £ZQEEL VITOUUARTOLL (IO TOY UOQ0GG00.

NS9O D91 A-91 191 091 A9l 192 A99 O-99 D00 AU

40 - . -
£ 50 r/h—-“—‘.\‘____‘\‘ : R N —.
= —— B39
3 60 u u . -\-____.______.
g —— Pl a7
= 70 ‘
£ ——MI 78
250 @ ————— e
v

i, y,
N—_—
Zynna 3: Xpoveof €568y toy exurédov otdfung oc xpatixés yewtoijocis Giliatoay
Figure 3: Temporal evolution of the water levels at the Filiatra public wells

4, YAPOXHMEIA

[Tooxetnévou va drepervnlel 0 YEOINMUIZOL YUOUATHOUS TOU 20T Z0U veQoU soayuutomotiinzay
EXTETUUEVES SEYRATOAMPLES 08 4 OVOOALE DOPOIOYIXES TEOLODOUE Ty eTihy 1999-2000 »et ymuun avdivor
TOV QUOTZOYUIAMY TOV TUQAUETOMY £ TGOV 0TIV BITtH00 2L TOV AVTIOTOLLOV ¥NIANOY TOT 0TO 0VUOTHOLO
Yopoyemhoyiug tov Havemomuion [Tatowy.

Zrov alvara 2 or arzorovfel ametoviletal N OTATIOTIAY GVEALON TOV ZURI0TEQMV EUOTZOYULANY
TOQUUETOOV TOU £OaTEZ0U Yook (EBiBMoBifin @edppootod’y Tunueiwdeyiog A@| tovg (adriion).
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Hivaxag 2: Zrariotizd végoypixd yapaxTipiotixnd Tov xagorixoV vdgogdgov ogitovra
(Mdiog 2000). T: Beguongavio (°C), Eh: Avvauixd obeidoavayoyijs (mV),
EC: Hlextpreif ayoymoryra (uSicm). Iovrixés ovyxevrodocrs oe mg/l
Table 2; Statistical hydrochemical characteristics of the karstic aquifer
(May 2000). T: Temperature (°C), Ek: Redox potential, EC: electrical
conductivity (1Sicm). lonic concentrations in mg/l

T pH En DO, 0Oz EC | Mg® | ca” | Na’' K Cl™ | 50,
Min | 19.7 | 7.28 1 -1 [1.02] 24 681 | 17.4]72.1] 11 |0.13] 18 0
Max |24.3[8.15] 276 | 5.3 35 [ 2290 [51.5] 165 | 218 [8.03 (338 124
Aver {21.8 [ 7.65| 139 [ 2.92]68.11 1440 36.8| 103 |{92.8|3.88| 157 53.9
st.D|1.15]0.23|71.5|1.36|27.7| 427 |8.15|21.7|56.1|1.96] 98 | 30.6

210 U 2P FUQOVOLACETAL 1] WO ZATUVOIT] TV YAWOLOVIWV OTOV 2AQOTRS BOQOGGRO 0uItovta, £Vag
OTOLYE{OV TTOU OYETLETUL AUECH PE TLZ MUdRAOLES TS VEaARUOVONG. ATTG TO Oyilu autd gaivetar 3Tt ot
TUYREVIQWIOELS TOV YAWMOLGVIMV LEGVOVTIQL YeEVIG zatd Tig Sievbivoelg Brpog N zat A mQog A, Tov ouutinrovy
Aan pe Tr) Otevbuvan ong Tov URSYELOL VEQOL.

[8taite Qo eviLapEROV TUEOUALALOVY OL UETONUELS NS BEQROXQAGUS TOV RUQOTIXOU VEQOU, 0L OTO(ES
woualvovral and 19.7 €wg 24.3 °C (oyfpa 4a). OL WRQOTEQEG TIMES QAVIMVTUL OTO UVATOMXKO TUTLLe TOU
UdQOEGEOL, TO OTOI0 ®al yevird XapaxrOleTal and vepod Cu:"-HCOR' TUTOV EVEY Ol UEYUAVTEQES TINEG OTO
Bogeio T, duhad] oty euQiteon meoLo Pihaatedy. Ou aoEnpEves auteg TEg Thg B8 OPOROUSTIG PITOPOVY
va anodobloiv o ®aTe(0dUON ETEMOLXOY vEQOU Of weydha Babn uéow onyudtowyv, onov Begualvetal,
ENTAOUTICETOL 08 CUOTUTLG TOV LITOPAHOOU “Ul RATOTLY QVEQYETUL ROl AVOILYVUETUL UE TO RAQOTIRG VEQO.
Katd mv dvodd tov dtaver stpupata avedpitn zal eprhovtCetal oe Beting iévea evid 1 tepovaia H S (teptoyn
Bowpoveplov) ogeihetar omyv avaywyr tov SO, 10vIwY, 0reg Guupaivel xut 08 Ghheg TEQLOYES ™me dutinc
[Meronovvijoou (KALLERGIS, G. & LAMBRAKIS, N. 1992). Ta otomuato avodoit autd €gouv duutpnbel oe
vearonon fabovs 3754 m g B.P oty mepioyr dihatoov (KAMITEPHE, E. 1987).
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Zynjua 4: (a) Fewygagixif xavravourj g epuoxgaociag xar (f) Tov Letixdv witov
010V rapatixd vipogdpo 0oilovra NA Torpuiiac (Mdiog 2000)
Figure 4: (a) Geographical distribution of temperature and (b) sulfides at the
¥neiakn BIBAoBiKN 1EgaepRerase ndkifee (ewiaiag)A.N.0.

- 1890 -



TTOO%E LUEVOL Va BLUYWOLITOUY, 0L BOOYNIZOT WY VIOROL TOU GUVELGEEQOVY 0TIV VQUALGOLVOT Tov
AAQOTIZOL VEQOT ZONTLLOTOLHNAUY T QLY QUUIATCL LOVILAOV ouyrevIomaemy (cross-plots) Na'-Cl o S0,
Cl, wio né0odog Tov €xel EGUOROCTEL We ETLTUYLC O GVAROYES TEQIITMTELS (G QUALEOQOUS EQEUVNTES
(TELLAM, J. H. & LLOYD, J. W. [986, FIDELIBUS, M.D. & TULIPANO, L. 1990, SANCHEZ MARTOS. F.
et al., 1999). Zro oyfua SastapovotdLetat 1o dudyocuud Na ' -Clouito To 0010 TQORURTEL 1) YOUUUL CUTEETLON
Ty QU0 WOTHV 1GVTOV, TOU ANANOVEL TNV Z01vi] TQOERELON Tovs. H Toogrevor] toug €yel dueon oyEon pe 1o
Bokaoovo VEQS, BEOOUEVOU OTL Ti DEIYUUTH DIUTAGTOVIUL OYEDGV T hinic (e ™) yoouur] wWiing yhuzov ot
Boheoowvol vepou (Line.1).

Avtibera wzo 10 o 5P oozdaTel Ot 1 SO, 1vTE OEV TQOEROVTaL G216 Uy avIopols WENS yhuroy zat
Bk oGvol vEQOU dgov Gha Tae OE(yuUTe S1aTACCOVIUL v (axtd TV aviotown yoauun uigng (Line 1) . H
OLATAE Y TOV LOVTOV TOADY 2oVTd 0T yoauu uiEng 2 (Line 2) umodidvel 0Tt 10 #aotiud vepo €xet €00l oe
ETAGT (e ePUTOOITLAG OTOMUUTH, TS T 0TOlU €YEL EUTAOVTIOTEL 0¢ D€l 1ovia. H xapamionon aut oe
ouVOUOUS UE TN YEDYOUMPLAN ZUTAVOUT TV LOVIOV uTedV (oyijua 40, axd v oxola gaivetal n ouinuévn
CUYREVTOWOT] TOVg GE OAN TNV €2TA0T TOU BOQOPOROY OQILOVTU - UE iyl TIOV OV £VQUTEDN TEQLOYY
BOowUOVEQIOU - 2L TG CUENUEVES TILES OEQUOZOCO((S TOU ZAQUTIZOT VEQOU, QY VEL GTL 1) RATEIODUGT NETEMQLZOU
vepot e ueydho Pabog amoterel TORY mMbBavov Evav and TOug INYEVIoUOTs BEaALDOIVOTS TOV ZaQoTZol
udOOEOVOL VPILOVT.

Na (meq/l) 304 (meq/L)
3¢ O O i 0 i
. (a) ; : N Y - S
: : A : Py
' : * | ; : ! @
. ! B N S IL..’:"\._:,“O,'L,...",«F_ e
L O R i | 1 Py
T ' v ' 1 ! ! ,'V/ o
' ' \.O'. 15 A v b 2 !
i et il
5. : 1'
. 10
z. = 0.5
i :
. If 9.0 :
e n z.s s.e 7.5 v 2 » w0 12
Cl {meq/1l) cl {meg/l)

Zyrjpa 5: dweyedupara ioviiedv ovyrevigdoewy (a) Na*-Cl xat (B) SO -CF
arov xagoTixe vdpogopo 00itovra NA Toigviias Mdatog 2000). o: xagoTixd vegd, +: yeinagoog Aay»ovfagdos.
Line I: Foauuij uikng yAvxot Balacovov vegou, Line 2: Nooappuj pitng yAvxov vegou xat vegoU efamopitingv
Eyudror.
Figure 5: Cross-plots (a) Na*-CI" and (b) SO 4"-C I" in the SW Trifilia karstic aquifer (May 2000). o: karstic
water, +: Lagouvardos stream. Line I: Fresh water - sea water mixing line, Line 2: Mixing line of fresh water
with water of evaporitic sediments

Inpavied 060 £iong oty auENUEVY) CACTOTNTIC TOL ZaQoTizol veQou rallel »al 1 dujfinon ueydiav
TOTOTHTOV VEQOU £TNOIMS UITG TV ZOITN TV TOTUUOLELLAQOMV TS TEQLoYNs (4.14 % 10° m) . To vees wwv
YEWMAVOMV QUTOV TaQovotdlel vypniés tueg Ca™, Na*, K', HCO., SO* »at CI, Adyw andaivong wov
[MTheroxcviady Buhaoolov INPAtmv (aofeotopauuiteg), ite amoTELeau vie sLUPARAEL 0TV alEnon TV TLeiv
™S GEATOTNTUE TOU AAQOTIZOD VEQOU,

H ovupetoy tov Bakaoovon vegol atig vdoonuixeg Stadizacie s vy i tiovon g Tov 2agotiZot bdoG3oo
ogCovtat dut unyaviousv my. cokivav Venturi 1 nueduotwyv, gaivetal moid mbavy. H avdus iy tov ue 1o
YAURG VEQD OEV TOORAAELTIL OIS ¢S T YVMOTH OladlZad(te UEWONS 1) (VAOTOOENS TS GUOLANS VOQUUALLYG
#ZA(ONE TOV UOQOEOOOU TOS T BAAUOTW TOU TQOZUIOUV OL €VIOVES OVTANOELS 08 TMUQARTLES TEQLOLES
(ZEAMITATAKAKHE, IT. & MAKPHX, A., 1993 zat TAVITIAN, C. & SAMPATAKAKIS, P., 1994). Avti@eta,
GIVETAL Vet LTdoyet wice Quotty vOQUUALD EMZOWVWVIK YAUZOU Zatl Buiuaovol vEQOU, TOUAGLLOTOV GO0V

AEOOG TNV TQAXTLL LPaiunn Zaootzy anyt Mdu Fupyatidavav. To (0o eival mdaviv va ounfalvel zu oto
deliteQo ueydho uEtwmo vgaipiorvong NA g Baitag (BA. oy 2B), 60U ur@oyen 2o 1o Leydho #ataz8Qugo
oifyna tov AayzoivBaodou. Yneiakn BiBAoBrikn "Oeé¢ppacTog” - Tunua Mewhoyiag. A.M.0.
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I l‘b()()‘,’l(!)/()"l/l] EQEVVU OTOV ZUOOTIAG UOQ0@Op0 0pllovta NA Totguiiag CoeiEe ta e

(] i J(L()/‘ L TAEQY aaue ato L(Y()‘\l“’l() tl()()()(l)\/ < /()()U)\’ GTOV Z(LOOTL 28! U(\()O([()(\O ()(Hg()\’TU NA I()LL] vl I.(I

E2aitier tou dl SNiEvon. cutold uotZol §IIAOUTIONO ¢, 0L EVTOVES GVTAOCLS TS TeAtuTelug bz/.(r.(nu.b
(10.8x10" m’ cnolaig) BEV @UiveTUl vir E7ONV TOAUAEOEL TEQUITEOm TOOBRH I TOoTIA S viroalwong
TOU 2aOoTI200 veQoU.

o TlaparnanOnzay avEnugve 0eonozZoaaleZ TOW BIOYELOU AGQUTIZON VEQOU, LOLCTEQU TNV e QLo Pralatonv,
TOU WIDTEAOTY EVOELEN HATEIODNME NETEMOUAOU VEQOD 0t UEYaAo [Alog #an SuEALONS GLOTUTUAZMV TOU
vtoBadoon, O OyeTiat avSiuéves ouy#evTomoets JeliZov Iovioy mavéy va ogehovial o dtdivo
£ BUTOOITIAMV GTOMUUATMV, TOU BTEYOUY 08 ueydro frlog oty Teoog], 6aws (avnxe (itd TRV avaiuon)
TOU OLYOAIULUTOS SO; -Cl.

o H Gte(oduon tou Bulaoaivol veQol 0TovV 2¢QoTiZ0 tOQOEO00 0QILOVTH eV TOOKL

(Tl 1o avhomTves
erepHaoers (UTEQUVTAOELS) (AR TOMTOYEVIND (LTG (LOLAOLE INYUVIOUOTS ETUAOVMVILE TOV TAUZOU UF 10
(LILDOO VEQQ,

EYXAPILETIEX

H apotoa €oevva yonuarodatithyze axd myv Emrpom) Epevvav tov Hovemomuior Tlatoov ot saaio
TOU £QEIVITIZOD TQOYOAUUUTOS «ALEDEVVION TOV UOQOZNIACY Y UVITUOV DEEAHIQIVONT TOV TAOEATINY
UO0OEOVMV DOLLEVTOVS.,
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Distribution of hydrochemical parameters,

The map of the distribution of chloride (CI') m the aquifers (Figure 2) shows a general increase of the fon
conceptration down-gradient. to the north towards the coastal line. Chloride concentrations are lower along the
main river courses and espectally along the river Asopos, compared to the neighbouring areas. In addition to the
afore abserved trend, statistical analysis carried out exhibits a general increase of the chloride concentrations to
an castwards direction (Voudouris et al., 2000a). Despite however the described general trends, specific arcas
characterised by significant increase in chloride concentrations ure observed along the coastal zone between
Kato Assos and Vrachati and especially along the casternmost part of the studied region, between Lecheo and
Ancient Corinth, us illustrated in Figure 2.
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Figure 2: Chloride ion distribution map.

Nitratcs arc noticcable throughout the entire region (Figure 3), rendering most ol the analysed waters im-
proper for human consamption, as concentrations by far exceed 50mg/l (E.U. Council, 1998). No specific pat-
tern can be identified with regard to nitrates concentration distribution. However, the following remarks may be
madc: highest concentrations arc observed in specific arcas, namely at Lechco-Ancient Corinth area, Kato
Assos, Kokkoni-Evangelistria, Krines, Zevgolatio, Velo-Moulki-Sikyona. On the contrary, low concentrations
arc mainly obscrved along the southernmost part of the studicd region, and along the coastal lines at Vrachati
and at the river Asopos cstuary.

Electrical conductivity generally increases eastwards and this is also indicated by the statistical analysis of
the hydrochemical data (Voudouris et al,, 2000a), and reaches its peak at the Lecheo area (EC>4000uS/em).
On the contrary, its lowest vatucs are exhibited along the southwestern part of the region, where river Asopos
tflows through the plain.
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Figure 3: Nitrates distribution map.
Durov classification

Interpretation of the hydrochemistry of the groundwaters has been carried out using the expanded Durov
diagram (Burdon et al., 1958; Lloyd et al., 1985). Four major water types have been identificd on the basis of
their major fon composition and have been distributed geographically (Figure 4). The characteristics of those
types are as follows:
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Hydrochemical groun dwater hype according

to the Curov diagram dassficalon

[ Ca™-HCO, laCa”-Mg™-HCO, |
indicales provmily 1o recharge zones
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mmm  Mo'-504 o MgUNa' -S04, indicates distance fiom recharge
zones and mixing, dissalution and ion exchange processes.

- MNa'+K-HCO, toMa'+K™-S0,°, indicales excessive miang and ion
axchange processes and posshble sea water intrusion
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Figure 4: Geographical distribution of identified water types.
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Lyped: A Ca’™ to Ca™, Mg'-HCO, water, which indicates proximity to the recharge zones of the aquifer
system, Recharge oceurs mainly from carbonate-dolomitic rocks, or from sediments rich in such material. such
as sandstones, conglomerates ete. This type of water occurs along the southern and especially the southwestern
part of the studied area.

Type II: A Mg *-HCO,, SO 7 to Mg**-SO * water, which indicates mixing process of recharge with resident
water and/or Initiation of dissolution processes. Ion exchange processes are also possible. Geographically, this
water type is developed at a NW-SE direction, whilst it also appears at a narrow stripe between the rivers
Peristercona and Zapantis and also west of river Asopos. It mainly denotes a transitional phase from recharge
areas to end-water members.

Type I11: A Mg™-SO *'to Mg™", Na', K*-SO,* water, which denotes water at distance from the main re-
charge zones, but still relatively fresh. Mixing with resident groundwater and dissolution are the prevailing
mechanisms. lon exchange may also have influenced this water type. Analysis of the samples that fall in this
categorv suggests that the marginal samples are subject to saline water intrusion. This water type is found fur-
ther downstream of water type Il and especially along the northwestern part of the studiced system, at the arcas
of Lecheo, Pcrigiali, Kato Assos and Vrachati.

Type IV: A Na*, K*-HCO_, to Na*, K*-SO," water, which denotes cxcessive mixing and ion exchange proc-
esses, and possibly salinc water intrusion from the sea, despite the observed high bicarbonate concentrations
(Panagopoulos et al., 1999a). The low chloride concentrations observed in this water type do pose a problem in
fully accepting the possibility of saline intrusion. This type of water is only scen at a restricted area along the
coustline of Vrachati.

Groundwater evolution

Groundwater cvolution study had to be based on the sampling sessions conducted within the framework of
this study, as no reliable historical data cxists, A hydrochemical section A-B across the studied region is pre-
sented in Figure 5, where all four identificd water types arc met.
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Figure §: Hydrochemical section across the studied region. Direction A-B as seen in figure 4.

It the southernmost part of the section (A), it can be seen that the prevailing ions are calcium, magnesium
and bicarbonates, whilst sodium, potassium and chlorides are low in concentrations. Moving northwards to the

coastline, where the cnd'poipﬁ(b‘f&kﬁréfﬁf)\l%kﬁmg%g(p%g&mgmjsftprﬁha FQ&‘}\%@E&%@R%_@_E dramatically altered
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and sodium, potassium and chloride are the prevailing tons. whereas caleium and magnesium arce almost dimin-
ished and bicarbonates decreased. As expected. electrical conductivity follows a similar pattern. henee it is low
upstream and progressively increases towards the coast. It becomes apparent that along the section’s direction a
number of hydrochemical alterations take place. Hence, in the southern part fresh recharge water enters the
svstem and progressively mixes with residence water of the aquifer svstem. The mixing ration mcrcases moving,
northwards. As the distance from the recharge region increases, lithology becomes finer and water mobility
decreases, mixing becomes less important and ton exchange dominates. The latter process is enhanced also by
saline intrusion at the Vrachati area, as suggested by the abrupt changes observed in fon concentrations (water
type IV).

To the west of the section, groundwaters exhibit a different evolution. Hence, ion exchange does not appear
to be of importance, indicating that recharge is richer and water mobility higher. As a result, mixing and dissolu-
tion probably are the prevailing processes. Saline water intrusion is not apparent due to both the increased
recharge and also the finer lithology along the coastal line, which acts as a barrier to the sea.

The eastern part of the aquifer system resembles the evolution described along the hydrochemical section.
with the exception of the strong ion exchange processes exhibited in the end-point of the system (B point of the
hydrochemical section). This differentiation is attributed to the restricted saline water intrusion and also to
localised hydrogeological conditions that result in very shallow water levels, hence. in water salinisation from
pereolation of irrigation waters and fertiliser remnants.

Nitrates are generally high all over the studied system and in conjunction to the entire ion composition of the
examined samples it was concluded that groundwaters fail in most of the cases the drinking standards set by E.U.
(E.U. Council, 1998}, and in many arcas they are problematic even for irrigation purposes (Voudouris et al.,
2000b: Panagopoulos et al. 1999b). Apart from the observed high nitrate background concentration, distinetive
areas exhibit peak concentrations in excess of 100mg/i that arc attributed to point pollution sources trom landfill
fcachates, irrigation returns and cftluent from domestic and livestock waste. As shown in similar studies (Chettri
ct al.. 1995; Panagopoulos et al. 1995), these waters indicate locations nearby recharge areas and’or of favour-
able conditions for infiltration of polluted surtace water to the shallow saturated zone.

Conceptual model

A shallow uncontined aquifer is superimposed on suceessive confined or semi-confined aquifers. Due to the
discussed heterogeneity. these aquifers are either bounded by lateral lithological transitions, or extend into an
adjacent unit. In parallel, within the secluded thyrrenian conglomerate blocks overhanging aquifers of low po-
tential may develop. As a result of the deseribed geometry, @ number of distinet aquifer units of local signifi-
cance and small extent have developed and are evidenced by the observation of varving piczometric heads in
adjacent wells-borcholes. Despite the documented heterogeneities however. it 1s suggested that on a regional
scale a uniform aquifer may be considered on the basis that obscerved lithological anomalies are not extensive
and most groundwater level measurements are indicative of a single piczometrie surface (Panagopoulos ct al.,
1999a).

Groundwater crosstlow from the formations that bound the studied aquifer system along its southern bound-
ary, is one of the most important recharge sources to the studied system (Figure 6). This source is of importance
mainly along the fluvial and torrential deposits of the contemporary streams, especially so at the River Asopos
deposits. The lithology of the fluvial deposits suggest that conditions are favorable for river water infiltration to
the saturated zone, and this is proved by the results of the differential discharge measurements carried out along
the river Asopos.

Overland flow from the Thyrrenian deposits are also contributing to the recharge of the system. Direct
recharge from intiltrated precipitation also exists but it is not thought to be significant compared to the other
sources. Winter-time tlood irrigation is commonly practiced along the entire region and this contributes signifi-
cantly to the recharge of the system, as it is applied for prolonged periods at large areas.

Finally, saline water intrusion recharges the aquifer system at least scasonally, over the dry summer and
autumn period. Although this phenomenon is thought to occur at various scales along the coastline. it is more
apparent at Lecheo, Kato Assos and Vrachati. It has to be stressed however, that so far the salinisation of the
system is restricted due to the geological conditions along the coastline and also due to the fact that over the wet
scason groundwater levels along the coastal part of the system recover at positive hydraulic heads.

Overall, the system receives higher recharge along its western part (river Asopos), whereas towards the east
it rgduccs Considcmblwnwldmsgﬁm[&ﬁzrggw‘g&&ggna ﬂjﬁw Fg&j;\wﬁgf_rg_rn_@_rfucc water percolation (irri-
gation returns and to a minor extent precipitation) is important across the region but plays a major role to the
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system’s evolution along the 'castern part, where groundwater fevels are very shallow).
5. CONCLUSIONS

[t has been demonstrated that examination of hvdrochemical data can provide useful information with re-
gard to the hydraulic controls on an aquiter system. The main recharge areas were identified and an understand-
ing of the tlow mechanisms developed. Groundwater quality was found to be unsuitable for human consumption
i most of the arcas and even problematic for irrigation purposcs in large parts of the region. This condition is a
result of the local hydrogeological conditions. coupled with the traditionally applied flood irrigation, the over-

fertilization and the complete lack of cnvironmental awarencess regarding waste disposal,
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