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SUM1\1ARY 

This article describes the edit and the first conclusions, con1ing lron1 the research project · 'Elirnia' ', 

\vhich ain1s at the dcvelopn1ent of an auton1atiscd ground\vatcr n1anagcn1ent systen1 and the 

corresponding soft\vare, concerning the area of the South Field open pit, in Ptolcn1ais, West 

Macedonia, Greece. 

In this area there is the largest open lignite pit in Greece, \Vith total reserves up to 1 x 1 O!J tn of lignite. 

In order to rnake safe the exploitation of lignite, it is necessary to tnaintain perin1eter and in pit \veils, 

to lo\vcr the \Vater table of the overburden. The establishtnent of a 111onitoring and \Vater 

tnanagernent systern is suggested. 

This systetn has to take into consideration the area's specific features, that is intense n1ining activity 

the need for de\vatering of the 1nine, covering of the water supplying den1ands of the city of Kozani 

and the irrigation detnands of the area, the possibility to irrigate l1C\V lands, the negative \Vater 

balance etc. 

A parallel goal of this project is the search for solutions, for n1ini1nizing of the non reversablc 

influences on the aquatic environn1ent of the area, beyond the Iin1its of the lignite exploitation, \Vhich 

can be achieved introducing a \Vater n1anagen1ent system and using the water cotning fron1 the 

de\v atering process for the arti fi ci al recharge of the aquifers .. 

INTRODlJCTION 

As it is kno\vn, during the excavation of tnincral ores, in open cast 111ining exploitations, 

1nany problems due to groundwater are often confronted, besides the probletns caused by the in !low 

of precipitation and possibly part of the surface outflo\v of the surrounding areas. These technical 

and cconon1ical probletns can even prohibit the exploitation of the ores. 

On the other side, n1ining activities alter the existing environrnental features and the 

hydrological net, as wel1 as the groundwater supplying systen1s. Lo\vering of the \Vater level, around 

open pits, is one of the tnost itnportant environrnental problerns, because of the in1pacts on the 

aquatic balance of vast areas. The long tenn expansion of the cone of depression, affects the existing 

water wells and conclusively, the \Vater supplying systetns, the irrigation of cultivated lands and the 
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forestry. In smnc cases, a significant decrease of the arable lands or even a drainage of adjoining 

lakes and stnall rivers or land subsidence can be caused. 

It is obvious that all this cotnplex aquatic systen1 requires a proper n1anagetnent. The control of 

human itnpacts on groundwater resources demands cotnplex technical and econotnical solutions, 

taking into concideration the contradictory interests of the various consun1ers, as \Veil as the 

protection of the environtncnt. 

HYTDROGEOLOGY 

The South Lignite Field basin, in Ptolen1ais, is part of the great structural graben element, 

which extends in a north-south direction between the tO\\'n of Monastirion (Bitola) in F.Y.R.O.M. 

via Florina and Kozani to\vn, both in Greece. It occupies the southern part of it. lt is surrounded by 

the tnountains Vern1io, Askio and Skopos. lt is litnited by the Klidion Horst in the north. 

It has an enom1ous econotnical interest, because it includes one of the bigger lignite fields in 

Greece, \Vith reserves up to 1. 1 O(j tn of lignite. The san1e basin also includes \Yell developed 

ground\:vater bodies. Therefore, lignite, as \veil as \Vater, is directly and indirectly connected \Vith the 

economical developn1ent of the area. 

PAPAKONSTANTINOU (1979) \Vas the first to describe the hydrological and hydrogeological 

conditions of the P to len1ais basin and the adjacent tnoun tai ns. Since then, several papers have been 

published, which have added n1any details to the understanding of the con1plex hydrogeological 

situation of the basin and its 1110Untainous fran1e (DIMITRAKOPOULOS 1996, DIMITRAKOPOULOS, 

LOULOUDIS & KOUMANTAKIS 1991, DIMITRAKOPOULOS, LOULOUDIS & KOUMANTAKIS 1994, 

LOULOUDIS 1991, PA VLAKIS 1990, RE 1988). 

The water bearing fonnations are the upper, Neogene and Quaternary, unconsolidated 

seditnents of the basin fill. The clay-n1arl lignite bearing systen1 is the in1pen11eable foot\vall of the 

sandy overburden. This aquifer consists of successive, hydraulically connected, sn1aller aquifers and 

appears to be hotnogeneous in a large scale. They arc recharged by infiltrating rainfall. The annual 

recharge has been estimated to 20.106 n13
. Heads of the undisturbed aquifers had been near ground 

surface, i.e. following the surface gradient, between 700 111 just near Vern1ion Mt to the north-east 

and 640 tn a .. s.l. to the south-west. 

The stnall Soulou strean1 had been the receiving surface water body of the basin, finally 

ending in lake Vegoritis. Locally, where recharge by rainfall \vas rejected, S\Vatnps had been 

existing. In the tnines, excavation and dutnping processes have destroyed these aquifers. Beyond the 

n1ine rims, the aquifers have been partially depleted. No\vadays the flow of the Soulou streatn is 

composed of \Vater discharged by the tnines and untreated \Vaste water of settlements and industrial 

plants. 
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This systen1 of aquifers in the unconsolidated basin fill, exists independently of t\VO tnajor 

aquifer systc1ns in the hardrock forn1ations, in the deep underground of the basin and the 

surrounding Inountain ranges. 

The Askion tnountains, \vhich litnit the basin to the west, consists of a southern block \Vith 

highly karstified lin1estones and tnarb1es of Triassic-Jurassic age and a northern block, which is 

n1ade up of Paleozoic crystalline schists. In the southern karstic area, a regional karst \Vater table has 

been found to occur at an average table level of 340 tn a 111.1., that is \veil bello\v the heads of the 

unconsolidated seditnents of the basin fill. Lin1cstones, belonging to this Mesozoic sequence of strata 

and sho\ving the san1e position of the karst \Vater table, are kno\vn to occur beneath the basin fill in 

the southern part of the Ptoletnais basin. The general direction of the karst \Vater tlo\v is to\vards 

south. 

No aquifers are kno\vn to exist \Vithin the crystalline schists of the northen1 Askion 

Mountains and the Vern on Mountains further north. 

The Venn ion n1ountains \vhich fonn the eastern fran1c of the Ptolcn1ais basin consists of t\vo 

tnajor hydrogeological cotnplexes, that in tun1 are tnade up of several lithologic-hydrogeological 

subcmnplexes, the hydraulic details of \Vhich are not yet kno\vn. A geological tnap, given by 

PAPAKONSTANTINOU ( 1979), sho\vs flysch of upper Cretaceous age, litnestones and litnestones 

conglon1erates of the upper Cretaceous, scrpentinitcs of the Jurassic, and dolotnitic litnestones 

belonging into Triassic-Jurassic systen1s. All carbonate rocks display tnajor karstic features. 

FIRST CONCLllSIONS OF "ELIMIA'' PROJECT 

Elitnia project started in 1996. Up to no\v there are t\vo groups of conclusions. In the first 

one they are given the conclusions that sten1 fron1 the studying and evaluation of forn1er projects. 

According to those: 

I. The basin is under a regitne of negative aquatic balance, due to overputnping of ground\\'ater. 

2. The \Vater balance has \vorsened fron1 the in1pacts of the long tern1 drought and the drilling of 

n1any ne\v \Vatenvells, n1ade n1ostly to cover irrigation needs. 

3. The dcfficicncy in the ground\vater balance has caused a dra\vdo\vn on the hydrostatic level, 

but there is no satisfactory kno\vledge of the territorial evolution of this dra\vdo\vn. 

4. The municipality of Kozani uses \Vater cotning from the South Field basin, to cover the 

detnands for dotnestic use. The pun1ped quantities overcon1e the actual needs, because of the 

great leaks of the distribution net, but son1etin1es are not enough. 

5. There have been tnade suggestions, based on the above n1entioned aspect, for the drilling of a 

ne\\' set of waterwells, in the rich karstic aquifers, to get over this lack of water, that the to\vn 
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of Kozani suffers frotn. The proposed areas are the karstic aquifer of the North-West Vern1ion 

and the South Yern1io-Skopos aquifer. 

6. 1t has been suggested that is necessary to prohibitc the drilling of ne\v \Vatcnvclls in the karstic 

aquifer of North-West Vennio, given that it is ascertained a negative equilibriun1 and a 

dra\vdown of the hydrostatic level of 15 tn, during the last 15 years. Frmn the evaluation of the 

hydrologic balance of the V cgoritis lake, it is concluded that in the last 5 years, the leaks fron1 

the shallow· sinkholes of the lake, rise up to 60 million 111~ annually. 

7. The ground,vater quality is very good, \vhile the surface \Vaters of the Yegoritis lake and the 

streatns are polluted, son1etin1es, at a high degree. 

8. An itnportant part of the needs tor irrigation purposes is covered \vith the \Vater of the Soulou 

strean1 and the lakes (V egoritis, H itnaditis, Petra, Zazari). 

9. Since the period 1984-85, PPC has been conveying \Vater frmn the artificial lake of Polif1tos 

and covers the needs of AS Ag. Ditnitrios and Kardia. After its use, the water is rejected to the 

Soulou streatn. 

l 0. There has been n1ade a sitnu1ation of South Field basin and a tnathen1atical tnodel, by Dr G. 

Louloudis. The water quantities that need to be pun1pcd by the dewatering \vatcnvells, for the 

protection of the tnine are estin1ated. 
The second group of conclusions, sten1s fron1 the evaluation of the gathered data and the jobs 
done \Vi thin the range of the research project ' 'Eli n1ia". 

l. ~he nun1ber of \vells and \Vatenvells has been increased dran1atically during the last fc\v years. 

In 1991 there had been registered 220 \veils and waterwells. In 1996, in the fratnc of the 

research project · 'Elimia". An1ong the registered \vaterwells, there are 26 failed ones, as \veil 

as 10 dc\vatering \vatcrwells \Vhich have been destroyed. 

2. Fron1 the existing 410 operating watenvells, 73o/o is used for irrigation purposes, So/o for 

dotnestic use, 12o/o(50 watenvells) for de\vatering, 3o/o are used as piezon1eters and 4o/o has an 

unknown use ( fig2). 

3. Within the period 1991-94, the putnped ground\vater quantities \Vcre doubled. In 1991, these 

quantities \\/ere estin1ated to be 15,6. I Or' 111~. In 1995, \VC cstin1ated that, the pun1ped 

ground\vater quantities reached a total of 29. 1 06 tn3
' only by ,,vatenvells having pun1ps 

operating \Vith electricity. For these estitnations, \Ve have taken into consideration the electrical 

consun1ption of the pun1ps. We also have to add quantities, con1ing fron1 \vatenvells using 

petroleum putnps, \Vhich consist I 0°;o of the total nwnber of watenvells, as \Yell as 1,5. 1 Oc' 1113 

for the dewatering of the n1incs of Kardia and Sector 6.Consequently, the total an1ount of 

pun1ped out ground\vater is over 33.1 0(' 111
3

. In figure 4, it is sho\vn the relation bet\veen the 

drawdown rate and the distance frotn the 1ninc. 

344 INTERNATIONAL 1\JIINE WATER ASSOCIATION 

IMWA Proceedings 1997 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



DEVELOPMENT OF A GROUND\VATER 1\<JANAGE!VIENT SYSTEM AND l\1ETHODS OF ARTIFICIAL 
RECHARGE, IN AREAS WITH OPEN PIT EXPLOITATIONS 

4. Fr01n the 29 1nillion n13 of pun1ped \Vater fron1 watenvells \Vith electrical pmnps, during the 

year 1995, 14 tni Ilion covered irrigation needs, that is 48o/o, 7 n1illion 1113 cover the don1estic 

use (24o/o) and 8 1nillion con1e fron1 the dc\vatering of the n1ine. 4 n1illion of these pwnped 

quantities, con1e fron1 inside the n1ine and are, partially, originated fron1 precipitation. 

5. Because of the continuous pwnping, for don1estic use and the n1ine protection, the 

corresponding pmnped quantities are 24o/o and 28°/o of the '-"'hole, \vhile fron1 the irrigation 

watenvells, \vhich represent a 73o/o of the total nun1ber of watenvells, is pwnped the rest 28o/o. 

6. About 150-200 private and public \vatenvells, as \Veil as all the de\vatering ones, already or to 

be tnade by PPC in the future, are to be destroyed gradually till the end of the tnining activities. 

7. The \Vater con1ing fron1 the de\vatering of the tnine, \vhich is, totally, about I 0 tnillion n13 arc 

rejected in the Soulou stremn and to the connected drainage ditches. Large quantities of \Vater 

are purnped frOin these ditches and are distributed for irrigation purposes. 

8. During the period 1983-87, there was a steady state and the ground,vater level didn't fluctuate 

widely. In the following years, because of the increased pun1ped out quantities and the drought 

a tnore or less continuous fall of the ground\vater level \vas observed. The last 15 years, this 

dra\vdo\vn varies fron1 0,5-1 111 annually, depending on the area (fig3). 

9. The piezmnetric level fluctuates behvcen 20 and 40 m. Deeper levels are observed in the 

southern zone, \Vhere the \Vatenvclls of Kozani and of n1any villages had been n1adc. In this 

area, at the first \Vater supplying drills of Kozani, tnade in 1960-62 by the Ministry or 

Agricultural, the hydrostatic level \Vas at 4-5 111. With a yield of 200-250 1113/hr, the \Vater level 

fe11 at about 5-10 n1. That n1eans that \VC are dea1ing with an area \vhere the vv·ater level 

dra,vdo\vn exceeds 30 111, frotn 1960 till today. Deep hydrostatic levels can be notified \Vest 

from AS Agios Ditnitrios, \vhile at the n1ine area, the level is at 25 111 belO\\' the surface. 

10. In the area, \v·herc the \vatenvells of the n1unicipality of Kozani are tnadc, there is a local 

lowering zone due to overpun1ping. In this area has been decided to be applied an artificial 

recharge project, \vith injection of \Vater con1ing fron1 the de\vatering drills of the South Field 

n1inc. For this purpose, new drills and piezon1eters will be tnade. The existing ones \Viii also be 

used, on an experitnental basis. 

11. The ground waters are of good quality and can be used for artificial recharge. 

12. In the Northen1 zone, near Agios Ditnitrios the possibility of arti ricial recharge \vas examined, 

\vith ditches flooded \Vith water con1ing frotn the streatn flo\v of Vennion Mt. This project 

scctns to be unrealistic because the percolating \Vater t1o\vs to the Triassic-Jurassic litnestoncs 

underneath. 

13. A shallo\\.r ''poor" unconfined aquifer is developed at areas. The \Vater level depth usually 

varies from 2-1 Orn. 
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SYSTEM DESCH.IPTlON-SlJGGESTIO~S 

it is obvious that the above described hydrological basin of the South Lignite Field, \Vith the 

con1plex ground and surface \Vater systctn, needs an integrated water tnanagcment systen1 and the 

establishtnent of a progran1 for n1onitoring of the water status. This is going to cover the ""Elin1ia" 

project. We are now installing, at selected points, of the South Field basin, auton1atic n1onitoring 

devices. 

The devices have been installed in: 

de\vatering \veils, for the protection of the open pit fr01n ground \Vater 

\Vater supplying wells of the n1tmicipality of Kozani ( d01nestic use) 

piezon1cters in front of the exploitation face 

piez01neters in the dutnping area (later on) 

Soulou river 

outlets of the P O\ver Stations 
The aitn is to n1onitor the ecological and chetnical status of surface waters and the 

quantitative and chen1ical status of the ground\vater. 

The parmneters that \Vill be recorded are: 

water level fluctuation in water \veils and piezon1eters 

abstraction rate, that is pwnping rate of dewatering \veils, irrigation wells and \Vater 

supplying wells 

quantity of water that con1es into the basin frotn the Po\ver Stations 

changes of the quality of \Vater 
The \vhole installation is controlled auton1atically for its good operational status. 

The data collected arc transtnitted directly to a central unit, which undertakes the further 

analysis and presentation of the results. The Aut01natic Monitoring Systen1 uses sufficiently the 

capabilities, given by tnodern technology, for direct data collection, their transtnision to a Central 

Unit at a retnote position, where the supervisory and surveil1ance of tnultiple points lvill be done. 

The Local Automation Devices are progran1tnable Logical Controllers (P. L. C.), placed 

locally in each point, \vhile a personal cotnputcr will be used as the Central Unit, running the 

soft,vare InTouch of Wondenvare, in cooperation \vith lnSupport. 

The systen1 of the Planned Logical Controller of each drillhole, consists of the Central 

Consideration Unit of the SLC-500 series, the essential input and output cards for digital and 

proportional signals \vhich are put in proper fratne, \Vith corresponding Po\ver Supplying Systen1. 
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The Central Unit has been established in a PPC building, in South Field. This Station is 

connected with l\VO other In Touch Stations, \vhich have been placed in the buildings of the other two 

n1etnbers of this research project, tnunicipality ofKozani and C.T.A.F.I:;' (Centre ofTccchnology and 

Applications of Fossiles Fuels). 

The systen1 \Viii be extended to the whole Ptolemais-Kozani basin, after a period of 

experitnental operation. We tnust say that this \Vater tnonitoring and n1anagen1ent systen1 covers the 

proposals of the European Cotnnnmity for the \Vater policy, as they have been expressed in a draft 

paper (Cmntnission Proposal on Water Policy, draft 14/2/97) 

According to the above, the suggestions need to be stated are the follo\ving: 

1. ain1ing at the conservation and protection of the ground\vater aquifers of the basin, during the 

period and after the tnining activities, n1easures need to be taken as soon as possible. These 

rneasures will be about 

• the protection of the zones of natural recharge of the \Vater bearing layers, that is of the 

area where infiltration and recharge of precipitation to the unsaturated zone and surface 

outtlo\v takes place. 

• increasing of the ground\vater quantities, with artificial recharge 

• the reduction of the consequences to the groundwater flo\v, because of the interference in 

the area. 

2. the Prefecture of Kozani has to set prohibition tneasures, conccrnmg the drilling of ne\v 

irrigation \vatenvclls in South Field basin 

3. the penn iss ion to drill ne\v \vatenvells should only be given, for the pun1ping of the \Vater fro1n 

the deep karstic \Vater bearing Triassic-Jurassic litnestones. 

4, proper actions should be taken, to reduce the pun1pcd ground\vater for irrigation purposes. ln 

that range, there should be given tnotives to change the cultivations \Vith others, \vhich acquire 

less \Vater. The irrigation systcn1s should be itnproved, to reduce the losses due to 

evapotranpiration and the \Vater supplying systen1 should be checked, in order to n1inin1ize the 

leaks etc. 

5. the water quanttttes. putnped by the \Vatenvells for the protection of the tnine, should be 

distributed gradually for artificial recharge of the \Vater bearing layers, through existing and 

especially chosen for this purpose \vatenvells. The first steps of carrying out such a task, are 

already in progress. For this purpose, \Vater \Viii be conveyed fron1 chosen drillholes of the 

PPC, putnped on a constant basis, to the area where the drillholes of the nnmicipality of 

Kozani have been n1ade. This \Vater \viii either be used directly for \·Vater supplying purposes or 

will be injected in the ground through drillholes, existing and ne\v, for artificial recharge in an 
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area vvith an excesstve fall of the hydrostatic level. In the range of the research project 

• 'Elimeia' ', has been progratnn1ed the construction of 4-5 ne\v drillholes for artificial recharge. 
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fig4:Relation between drawdown ratio and the mine distance 
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