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Abstract 

A groundwater quality survey was carried out in the Larnaca coastal 

plain around Kiti Village in 1984/85. 

The prevailing problem is the continuous deterioration of groundwater 

quality caused by an overdevelopment of the coastal aquifer and sub

sequent salt water intrusion. 

The salt water intrusion is experienced at distances of 1.5 up to 3,5 

km from the sea coast or the Salt Lake bordering the aquifer to the 

east. 

Several hydrochemical zones have been delineated according to 

groundwater salinity 

groundwater types 

isotope concentrations. 

The space between the 350 and 600 mg/1 isochlores marks the boundary 

of the coastal area affected by seawater intrusion. In that area the 

increasing dominance of alkaline-earth ions may be attributed to a 

process of cation exchange accompanying salt water intrusion. 

Measures for restoration of the deteriorated groundwater quality in 

the coastal aquifer are discussed. 
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Introduction 

The study area comprises some 50 km 2 of the Larnaca coastal plain 

(E 33° 35', N 34° 90') which is located on the southern coast of 

Cyprus (Figure 1), 

LOCATION OF STUDY AREA 

o 10 50km 

330 

Figure 1, Location of study area 

The area investigated is an uniform coastal plain ascending from the 

sea to the footslopes of the Lefkara chalks and marls (about 50 m 

a.s.l.). 

Major morphologic features are 

the depression of the Larnaca Salt Lake, ± 0 to - 3m a.s.l. 

in elevation 

a chalk ridge building up Cape Kiti (18,5 m a,s,l,) 

the valley of Tremithos River with Kiti Dam 

hilly land west of Tersephanou Village, built up by chalks 

and marls, with a maximum elevation of 200 m a,s,l, 

(refer to Figure 2 for locations), 

Cyprus has a semi-arid Mediterranean climate, The Larnaca coastal plain 

belongs to the driest regions of Cyprus. The mean annual precipitation 

decreases from 400 mm west of Tersephanou to 350 mm north of Larnaca; 

90 % of the rain falls in winter. 
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The mean annual potential evapotranspiration after Penman comes to 

1483 mm (Jacovides et al. 1985). 

Therefore, irrigation during summer is a necessity. 

A great part of the area under study is occupied by farmland where 

rainfed cereals and fodders are the dominant crops. 

About 470 ha of land (1980/81) is under irrigation for growing vege

tables such as okra and artichokes as well as citrus. 

To meet the irrigation water demand the aquifer around Kiti Village 

has already been overpumped since the early 1960's. This continuous 

overdevelopment causes an extensive seawater intrusion far inland 

deteriorating the groundwater quality and endangering the intensive 

irrigation agriculture to a great extent. 

In addition to the groundwater monitoring work done by the Water 

Development Department of Cyprus (WDD) a comprehensive groundwater 

quality survey was carried out by the Geological Survey Department 

of Cyprus (GSD) in cooperation with the Federal Institute for Geo

sciences and Natural Resources (BGR) in 1984/85. 

2 Hydrogeology 

The hinterland of the study area is chiefly built up of metabasaltic 

rocks of the Troodos Ophiolite Complex (Pre-Campanian) and Paleogene

Miocene marls, chalks, and cherts (Lefkara Formation). 

The erosional products of those rocks form the coastal aquifer (Pleisto

cene). Its sediments are composed of silty sand and gravel which may 

contain boulders and thin silty-marly interlayers. The aquifer is 

mainly phreatic and rather thin. Geoelectrical soundings indicate a 

thickness of 10 to 15 m and 5 to 10 m north and south of Kiti Village, 

respectively, whereas borehole records show a thickness of 20 to 30 m 

(max. 45 m) in a buried valley southwest of Kiti. This buried channel 

of the old Tremithos River appears to constitute a preferential course 

of groundwater flow towards the sea. It may be partly traced by the 
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lower, narrow section of the groundwater zone having a Ca/Mg ratio ) 1 

(dotted line in Figure 2). 

The aquifer is covered by a 2 to 20m thick sandy, marly layer of silt. 

The soils may be generally characterized as cambisols which are deep, 

well drained and permeable. 

A clayey-sandy marl constitutes the bedrock of the aquifer. Water-level 

observations and $18o investigations hint at a limited groundwater 

movement within the marl, at least in its upper part. 

The aquifer basis is located below sea level up to an imaginary line 

stretching southwest - northeast along Kiti and Meneou Village. The 

zero meter-groundwater contour as well as the 350 and 600 mg/1 iso

chlores run - slightly downstream - approximately parallel to that 

line (Figure 2) indicating the area greatly endangered by salt water 

intrusion. 

The surface of the bedrock has been eroded down to 10 and 25 m below 

sea level along the Salt Lake and the Tremithos Delta, respectively. 

The permeability of the Alluvial deposits is in the order of 5 m/d, 

that of the marly bedrock is assumed to be 1 to 3 m/d (Schmidt 1985). 

On an average, 2.8 • 106 m3 groundwater are annually pumped from some 

280 wells predominantly to meet the irrigation water demand. In dry 

years this quantity of pumpage leads to a water balance deficit of up 

to 1 • 106m 3 (Jacovides et al. 1985). 

Therefore, the saturated thickness of the aquifer is generally less 

than 3 m and many wells fall temporarily dry. 

Extensive cones of depression are developed along the buried channel 

southwest of Kiti and east of Meneou. The groundwater table is lowered 

down to 10 to 15 m below sea level in September 1984, while the depth 

to water table generally varies between 5 and 20 m below ground. 
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3 

3.1 

Hydrochemistry 

Zonation of groundwater salinity 

The space between the 350 and 600 mg/1 isochlores (Figure 2) marks the 

boundary of the coastal area affected by salt water intrusion. Within 

this zone the marly aquifer basis and the groundwater table are below 

sea level (Paragraph 2). 

Thus, problems of increasing salinity in groundwater pumped for irriga

tion are experienced at distances of 1.5 up to 3.5 km from the sea 

coast or the Salt Lake bordering the aquifer to the east (Figure 2). 

0 1000m 

Figure 2. Distribution of groundwater salinity and groundwater types, 

September 1984 
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Five zones of groundwater salinity may be distinguished according to 

the concentration of most of the major dissolved constituents: 

1) Lefkara marl and chalk around Tersephanou Village: 

EC = 2,000 ~S/cm, Cl = 400 mg/1 

2) Tremithos Valley just downstream of Kiti Dam: 

EC = 900 ~S/cm, Cl = 80 mg/1 

3) Coastal plain, upstream of zero meter-groundwater contour: 

EC = 1,000 to 2,000 ~S/cm, Cl = 150 to 400 mg/1 

4) Coastal plain, downstream of zero meter-groundwater contour 

(affected by salt water intrusion): 

EC = 2,700 to 17,000 ~S/cm, Cl 800 to 6,000 mg/1 

5) Environs of Salt Lake: 

EC = 140,000 ~S/cm, Cl 54,000 mg/1 

(Seawater for comparison: EC 60,000 ~S/cm, Cl 22,000 mg/1). 

The impact of seawater due to overdevelopment of the aquifer proves to 

be the main source of elevated salinity, a considerably minor one is 

the admixing of fissure groundwater (Lefkara marl and chalk) to the 

gravel aquifer as indicated by the 618o distribution (Paragraph 3.3). 

3.2 Zonation of groundwater types 

Throughout the entire study area chloride is the dominant anion. On 

the cation side either the sodium fraction prevails or an alkaline

earth ion is dominant, firstly magnesium, secondly calcium. 

A distinct zone having a Ca/Mg ratio ) 1 represents the fresh ground

water flow within the gravels of the Tremithos Valley towards the 

buried channel southwest of Kiti (Figure 2). 
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The groundwater not affected by salt water (salinity zones 1 to 3) 

belongs to the water type 

Na-alkaline earth-Cl-HC03 

or 

Alkaline earth-Na-Cl-HC03 

marked as "Cl-HC03" in Figure 2. 

Downstream of the 600 mg/1 isochlore (salinity zones 4 and 5) three 

different groundwater types may be distinguished: 

Na-Cl type 

Na-Mg-Cl type 

on either side of the Salt Lake 

between Cape Kiti and Meneou 

Village, and west of mouth of 

Tremithos River 

Alkaline earth-(Na)-Cl-type: further environs around Perivolia 

Village 

(marked as "cation exchange" 

in Figure 2) 

The increasing dominance of alkaline-earth ions may be attributed to a 

process of cation exchange accompanying salt water intrusion. 

Appelo & Geirnaert (1983) describe this process in greater detail from 

the fresh/salt water interface at some particular places in the Nether

lands. They conclude: "When seawater infiltrates an aquifer containing 

fresh water, Na ions present in seawater will be exchanged against Ca 

ions adsorbed on the clays. Seawater thus becomes CaCl2-type water." 

Actually, heavy pumping of groundwater and subsequent seawater intrusion 

take place in the low lying area around Perivolia Village. The wells 

yield brackish groundwater enriched in alkaline-earth ions (Ca, Mg, Sr), 

sodium and chloride: 

ca2+: 21.5 to 52.9 meq/1 

Mg2+: 18.9 to 90.4 meq/1 

sr2+: 0.4 to 1.4 meq/1 
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430 to 1,060 mg/1) 

230 to 1,100 mg/1) 

16 to 62 mg/1) 



Na+ 12.6 to 41.3 meq/1 290 to 950 mg/1) 

Cl- 87.4 to 169.2 meq/1 (3,100 to 6,000 mg/1). 

Although a distinct CaCl2-type water does not occur, a process of 

cation exchange along the salt water intrusion front may be assumed 

for the area marked as "cation exchange" in Figure 2. This might be 

true to a less extent for the Na-Mg-Cl-type water. 

Both water types related to salt water intrusion form two distinct 

clusters in the Piper diagram (Figure 3) while the remaining plotted 

points represent the Cl-HC03-type water. 

Analyses of the salinity zones 1 and 5 are not depicted in Figure 3. 

Ca BO 40 Na+K HC03 
tC03 

40 BO CltN03 

Figure 3. Piper diagram, Ionic composition of groundwater of Larnaca 

coastal plain, September 1984 
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3.3 Zonation of isotope concentrations 

The spatial distribution of S18o values partly coincides with the 

pattern of the salinity zones (Paragraph 3,1). S18o values between 

- 4.5 to - 4.0 %, characterize the groundwater upstream of the 350 mg/1 

isochlore but also comprise the upper part of the salt water affected 

zone beyond the 600 mg/1 isochlore (Figure 2 and 4). 
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Figure 4. Distribution of oxygen-18 cS18o) and tritium (3H) values, 

Larnaca coastal plain, September 1984 
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Towards the coastline the groundwater gets isotopically heavier 

(ol8o)- 4.0 %.) through increasing admixture of salt water which 

has a SI8o value of 1.87 %. typical for Mediterranean seawater. 

Isotopically lighter groundwater <618o (- 4.5 %.) occurs in the 

western part of the study area representing groundwater recharged 

higher up (Figure 4). $18o values below- 5.0 %. indicate that such 

water is admixed to the groundwater abstracted from the extensive cone 

of depression developed in the lower Tremithos Valley (Paragraph 2). 

The decrease of the tritium concentration towards the sea reflects 

a slow groundwater movement. An influence of seawater admixture 

( 3H = 4.7 TU) on the tritium concentrations of groundwater cannot 

be excluded. 

The relatively young groundwater (3H ) 10 TU) around Meneou Village 

is possibly related to recharge through an old water conduit origi

nating from Tremithos River below Kiti Dam. 

4 Possibilities for restoration of 

the groundwater quality 

The following measures for restoration of the groundwater quality of 

the coastal aquifer southwest of Larnaca may be considered: 

- reduction of the present quantity of groundwater abstracted 

(2.8 • 106m3 /a) to meet the irrigation water demand 

- import of surface water for irrigation through the Southern 

Conveyor Project (coming into operation in the early 1990's) 

- artificial recharge of the aquifer with imported surface water 

or treated sewage effluents (still under discussion). 

Probably a combination of several measures will have to be applied for 

an efficient restoration of the groundwater quality under continuous 

intensive exploitation of the coastal aquifer. 
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The limited extent of sufficient aquifer thickness (Paragraph 1) as 

well as, in particular, the predicted elevated salinity (Cl up to 

600 mg/1) of the treated sewage may cause great problems to implement 

successful artificial recharge works. 

Further simulations with a hydraulic model of the aquifer developed by 

Schmidt (1985) are planned. 
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