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EVAUJAl10N OF HYDR011IERMAL SOVRCES 11IA.T SVSTAIN AH 

OVEREXPLOITED AQUIDR AT SAN LtIIS POTOSI. MEXICO 


l. IIERRERA, R. HEDIHA. L. CHARGOV & J. CARRILLO 
Instituto de Gaollslea. UNAH, Hexleo Clty 

Apdo. Postal 22-582, 14000 Hexleo. D,F.; Hexlco 

ABSTRACT.. A nuaerical ~el ls l.plementad tor.the aquller of the Clty of San 
Luis Potosi, whIeh lakes lnlo aeeount lhe contrlbutlon of an underlyl!lj 
tberaal souree. PrevlouUly. 1t 1I&a thought to ~ overexploHad, By aeans oC 
the nuaerleal MOdel, lt 1. shown that thi. la not the case, becauae there ls a 
contrlbutlon lroa lhe underlylng therMal souree. Slnce the propertles oC lhe 
theraal aouree are not Icnown. the proeadure used to incorporate lhelD 111 to 
adjust the valuea of tbe vert1cal hydraullc conducllvlty belween the theraal 
aource and the aquller untll the actual píezometrlc levels in the aqulfer vere 
reproduead. For thia caae atudy, auen a proeedure has producad use fuI resultll, 

IHmODUCTION 

lbe Valley of San LuIs Potolll, 111 loeatad In the hlgb plateau oC lhe Aepubllc 
01 Hexleo (Flg.t) and 1t 11es in the seal-arld reglan. lbe water demand oC the 
Clty of San Luis PotosI. ,capital oC lhe state of the same name. for 
agricultural. urban and industrial uses, hall been steadlly lnereaslng. Host oC 
lhe water supplled to the elty la Iros underground aources. beeaus. du .. to th. 
raduced ralnlall. tbe aurfae. w.ter contrlbutlon la s.all (on1y 8 Xl, 

lbere la coneern wltb reapect to the luture evolutlon of th.. aqulfer. becaus. 
in the las!l'ev years lh. observad .pead of drawdovn hall reachad the rat. of 
1.3 111 y.ar • However, IC the hydraullc balance al th. aquller la earrlad out 
talclng lnto aeeount. only what la Icnown about the aquUer, the pradlctad rate 
o! drawdown la even larger. On the basla oC tb.rllal, chealcal and hydraulle 
eVldene.., ln a prevlous study: Instituto de Gaoflalea, UNAM (1988). lt was 
establlahad,that tbe dlClereneea ~twe.n tbe observad and'the predleted rate 
oC dravdown 1& due to water suppl1ad by deep .. r Seo10sieal foraaUona w1tb 
therasl actlvlty. 

Talcing lnto aceount these Caeta, lt vaa deelded lo impleaent a nUIDerlcal ~el 
of tbe aquiC .. r to ll11prove lhe understandlng of Ha behavior. speeiaUy w1th 
respaet lo th.. d .. ep thel'lllal acure••, and to pradiet the ayate. bahavior under 
diflerent exploltatlon pollctas for tbe next tventy yeara. 

jI
·1 
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IMlROCmLOCIC MOOa 

On t.h-e bóJsls cf thl\! AvaU;\ble geolog1cal. geoflhY'~lca.1. ptC!:"ZC-lSett'ic lUId 
hydroch.n!:llC:31 ln!on.aUan. t:he propQsl!d bydf'eg<H1log1c.ll1 :ooi!!'l Qf th~ $YGlt~1II 
lnclude$ ¡¡ ~~h1l11Cl1i ¡H¡ulh!r~ of reducmi yleld and pOOl" qu.a11ty \I*l.ler. Thhl 
aqulfer ov~rlle~ a -el.y ror~tlon· ~hlcb 1n turn eanf!n~5 ~ d~eper 3qulfer. 
!ofot:t of tht:' water 1sl produced al tn1fl -deep aquHer-. whtch ha.s thermaJ 
actlvlty (flg.2). e~low lt. lay the -th~rmal sour~c5". 



Qof· AIIMtlII "'OOIltt., 0..'_"..,_ ! Ital!\. 

Tle- CAlAltt1ll f' J'...et••~lIfl•• '.""IIt"". TuU.". 
n,. ,..;.,.",.l1li L.cttt. __",........ l.,fW,~ 
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t_ $oaIrI '''VV.lt'lo ~II•• ~. T."..". ..'11I11'II'I "t., tlo.ot. 
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FiglJTe 2; Thc hydrogoologital modet 

tn thh !lgur~. lt can ~ ObSctTV~d U~i)t the systcu of ,.~gHmill flolot' ls: 
lltportant fu! a.qutfer per(orI1utnee, produ.¡:;:lng II 'If:rUeal cq.t:!penent of hot 
Wllt.er. Fo. ;a di!'tatled 8~otoglci11 d1!serlpt1an oC í:ne systel:l. th~ reader:- 1.5 
re,ft!'rt'l!.'d tE;! thl: p:-t:!'Vlou,s; ;¡ludy: InstItuto de Gc:roflsh'::;¡. U'NAM i19$B:¡. 

'HOOEllI}4C OY 11ft SYsn:H 

Far t.h~ i:l\pl(!lII~nta tloD of the mmer leal 1I'tOode1. a conceptual aMI!! 1 al lts 
behav10r WáS d~(lned. 5ultabte dlfferentlal cq~.ll~n~ w",r~ adopted. a compQtcr 
progrll~ ~as s~lect.~ and lts calibratlon ~as carrl~d out uslng the aval1able 
lt1forllat1on. !he pte2Ql'llel.ric te-....eh~ produced by t.hr. prOsr4m Wer42' Lflte1'palMe-d 
uJilng tbo- package Sl."RFER: Caldeo Safhl'lt.re. Ine., Ct9S'91 to obtaln a acre 
eonv~n1ent ¡raph~c~l r~p;e~~nt3tlQn. 

Tht CDncl!ptual mDdtl 

The 1hr.lts of tht!' area lncludi!'d Ln the lIIodeL. are' show tn F1g. :1 and ....Cíf.!' 

b4sed ón geologleal ~Qn$lder3tlons. 
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Figu~ 3: Grid.used En LIle numeriatl simulabon. 

The SAfI HLg\11!ll \:0 r;;anao al the wa~t. Ana thct San f'e:dro ran¡e at tnt\' '!!'ast. 
t:on.1it.llute t'I.:lturlll ooUl'lda.. leo; b~¡;au" thery prrtsent eon.d1Uol'\.$ oC n<l (lov, il.nd 
at $O~~ placos con$tant head (Fig. 4'. 
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Figure 4: Are& coy~r~ by th~ clay fOTlIlatlon 

rhe northern and south~rn l1aLts wer~ 5cleetttd on th~ basls of th~ ple2omotr~e 
tntOr1ll.llUQfI, that vas .\I'l\llable and lbey "''en: bken as llllpermr.lablt!'. ~~aus~ 
thl!:re ls evidence tnllt tbe flow there ir; negl1giblo. The sha.lIow aqulfor. 
located on ttte upper part. aí tbe !iystelll. fW'lcUQn.:= 1115 i1 unH truh:pendcmt tlf 
th. dllep aqulfer. bc-¡;::,au$e th!! clay layer th.:at sep.aratctS t,benl/. 11; 5~fi61bly 
lmp~rvlous. Takin¡ lnlo accounl t~lt most of ~he wator 1# produced al the d~~p 
aqu1fer. lh., purp051!! or the .1l'Odel 1# lhe pr.:dleUon of lt~ bell.wlor 
exclusJvcly. tl'aving ilGldi:l th~ snaUaw aqu1fer. 

The s:cytlrnlt~ equllt.1on u!u!d was: 

Ss = $puelflc co~(fl,lent oC storage lL-1¡ 
~ * Hydr~ul1e cGndu~tlvlty tlT- l

) 

h ,. lIyJ;traullr: head tLl 

t. ... Ttme trI 
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Haw.ver. the analY81s of tbe llow was aalnly two-dimenslonal, because on1y twa 
horlzontal 1ayera vere l~corporated 1n the sodel. 

lbe computer code HODFl..OW: McDonald & "arhaugb, (1984), was used 1n aU 
calculatlons. lb!s .odel applles tbe cells metboa whlch y1elds flnlte 
dlfferenc. approxlmatlona. 

lbe d"p aqulfer can be .aUsfactorlly lladeUed uslng a 2:112 KIl grId and 
applylng flnlte dlfference sehemes on them, as 111ustrated In Fig. 4. Layer I 
lneludel-lhe best known part of the syste., where the value of the hydraullc 
properUa. -are known or at least can be esUmated. Layer n \lila lntroduced to 
JaDdel the deeper, less known 8eal081eal lar_Uan" whleh supply lhe lherllal 
watar. lba now and lnteracHan betwaen layera 1 and XI ls clue to the 
dlfrerenees oC hydraul1c head between thell. In layer lI, 1t 'IIas assUlIad a 
Clonstant hydraullc head tba! relllalnad greater than the head oC layer J, 
througbaut the run.. TIlla Induces a vertlcal component oC Ilow 'IIhose magnltude 
can be adJusted varyIng the ratio 01 lbe hydraulle conductlvlty UCz) to the 
thlekneas oC the layer where tbe llow takes place. 

An upper boundary eond!tlon oC no flow was eonddered 1n layer l. 'IIhlch 
corresponds ta lhe elay layer wbosa bydraullc eonducUvlty la neglecled. In 
the horizontal 11.1t. oC tba aqullar. eltbar constani head or no Clow boundary 
condltlon. 'IIere con.ldered. a. lndleated In Fig. 4. 

CALIIRATION 

In the perlod January 1987- July 1989, heads 'IIere lIIeasured monthly In 
obsarvatlon we11. dlstrlbuted throughout lhe reglon tbat was !IIadelIad. Al the
11'" tilla, the puaplng rate wa. _asured In salle cases and estlmated by 
indlrect' _ans In otbera. 

In addlUolI., tha ple%OMtrlc head dlstrlbutlon eorrespondlng to 1960 ls 
aval1able and thara are estIlIstes 01 the hlstorloa1 ev01utlon o~ the puMplng 
rat.e•. 

TIle hydraullc propertles oC the known part oC the aqulter were obtalned by 
Jleana of puaplng t.sts and alao .OH pWllplng teats avaHable fra. p..'$evlous 
stud!:,!! _lwere lll.terpreted. Trall.sllllaslvlty varies bel'llean lxl0 and 
8xl0 111 a • TIle callbratlon Cor layer 1 slarted '111th these values and then 
'IIer. aodlCled on the hasl. 01 the results 01 the callbratlon. The propertles 
or. layer 11 were adjusted unt!1 lbe bahavlor of tba syate. was reprodueed ,In a 
sa~1sfactory manoer. 

In IIpUe ol the adclItlonal ple%oaetrlc lnforlllatlon that vaa avanable, the 
callbratlol1. was basad on the perlod 1987 - 1989. 'IIhleh covera JO aonths only. 
TIlla 'IIa. due ta lhe belter qual1ly oC lhe data Cor that perlod. On.oe the 
resulta of the callbratlol1. 'IIere obtalned, the data oC l••s qual!ty tbal were 
avallable for the perlad 196~ - 1988 wer. USed to verlly lt. 

In the eva1uaUoII. 01 the ato....ge coefndenta' 01 the reglon lIodelled, 10 
values tba! were dete....lned by puaplng tests were lll.eorporated. TIla extenslon 
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of t.he conflnlna elay layer vas determlned by .eans of the analy.1. oC lhe 
prevalling leolollea! eondltlon. Clnferred froll vell logs) and geophydeal 
surveys. lbe value. of the at.orage coeffi~lents that.rere used for lhe eells 
that behave as eonflned are betveen 2xl0 and 7xtO • In the case oC eeUs 
t.bat perlor. as uneonflned, values betveen 0.02 and 0.15 vere used. 

lbe tnllla1 runa, uslng lhe est111ated values of S and T. led to lhe 
dl.trlbutlon ol lhe piezollatrie haada shown in Fig. 5. 

JI'" 

L 


'r 

., 

j:Il10.<<1 In ob..rv.U.......11 + 1700 ...1
® 

" 

Figure S: Contour map oC predicled piezometric heads, without thermal sources. 
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Figure 6: locadoR of l.hernIaI sourt.e.S. 
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(a) 	 Inmlasiog Ibe lrol'ap c:oefficient of Ibe Iquifer, considering it as unconfined in 
alllbe regían lIIOdelled; 

(b) 	 Inc:orporating additiomd IIOUlce5 of water In Ibe cells, where required. 

The llrst apl100 ls unreallstle, slnee 1l eontradleta ,ealogle evldenee 
dlrect.ly supplled by .,.11 loga and IlUsl be dlscarded. In aplte of tlle lact 
tbat lt vas uaed In a prevloua atudyl Nledzlelaky. (1990). 

On lbe otber hand. the lneluslon oC addltional aourees In tlle andel ls fully 
JustlCled by the hydrocbe.lcal and Lher.al evldence, Cardona (1990), 
Carrll1o-Rlvera (1992), They repreaent tbe vertical ccmponent oC the regIonal 
ayate. oc Clev tbat ba. been observed 10 the tber.al area oC the Val1ey oC san 
Luis Potoal (FI8. 6). ThereCore, thls vaa tlle opllon that vas adopted In tlle 
.odd. It vall lncorporated by .eans oC an addlUooal layer (layer n) vhose 
propertlea vere adJusted In tlle eallbratlon oC the model, .asumlng the 
plezoaetrlc head oC tbat layer le constant. 

Slnee t.be hydraul1c properUes oC the IIIln aqulCar 1layer 1) are the best 
known, In tlle eal1bratlon elll¡ihasl. vas placed In detar.lnlng the propertlll8 
oC the t.ber..1 aources. A f1nt guesa oC tbe valuea oC tba hydraul1c 
conductlvlty In tlle vertical dlraetlon (K%) betveen layers 1 and 11, based on 
tbe tesperatures and veU dlschargea se.aured In ihe !leld, vas used In the 
ln1tlal al.ulatlons, and ihen they were adJusted unil1 ihe actual plezasetrle 
dlstrlbutlons In ibe ther••l area vere reproduced. The stopplng erlterlon for 
tbe callbrallon procesa vaa that the actual heada should be predlcted vlth an 
error oC leaa tban one aeter In tbe thermal zone, as ahovn In Flg. 1. 

Usln¡ lile eal1brated lIOdel, a global ..ss balance oC lhe re,8100 vas can1ed 
out. The results obtaloed are listed In Table 1. 

Concepi (1(..3'11- 1 ) X 
AquUer storage 0.34 13 
Lateral recharge (cold vater) 0.36 14 
Upward supply (bol vater) 1. 90 73 
Total .,.11 extractlon 2.60 100 

The dlstrlbutlon oC tlle supply .beva elearly t.bat the aost laportant 
contr1buUoo cona Cros the verUcal flQW vblcb or111natea In tlle reslonal 
ayste. and exhlblta ther..1 anosal1es. 
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Figure 7: Contour aap of pradlctad plezoNetrlc heads. after calibratloll. 

Long ¡nriDd ",~n 

Aa v.s already aentloned. tbe lnfo....UolI avaUable for tbe perlod 1960 
1988 vas uaad to teat the reaulta of tbe caUbratloll. Tbua, after tbe 
calJ.braUon waa colIJ)leted, a run coverlng tbat perlad vaa carrled out. 

Tatlng tbe known lnltlal condltlolls for 1960 and eatlmatlng the evolutlon of 
the rate of puaplng 111 the periodo tbe plezoaetrlc beada vere predlcted ualnl 
the cal1brated lIOdel. The resulta oC the slmulaUolI after Z9 yaau had 
dlCferoncaa of leaa tban 3 aetera betveen tlle ob.erved and computad heada In 
the tlleNUll area. Th1a lndlcat... apeclal1y tatlng ll1to account tbe 1011 
quallty of tlle lnfoNUltlon avallable for the perlod. that tlle par..eter. tbat 
vere obtalned In tlle cal1bratlon are acceptel. to mate precUcUona oC tbe 
behavlor oC the ayatea "ltl11n a aoderate ranga of accuracy. 
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nsrlNG DIf!"EIIIlfT I'UJlPING POLICIES 

11141 analyals oC • wlde range oC exploUsUon polleles oC the ayatetl 111 
necesssry, to ~tlCy the potentl.1 oC the thermal sourees as s water ~upply 
Cor the elty oC San Lul. Potosi. 

PredicHo". oC tbe bebavlor oC lhe ay.t•• Cor a perlod oC 21 years (1989 
20tO) under dUCerent exploltaUon pollcles were e.rrled out. lbe opUons 
consldered were! 

1.0- leeping the preaenl extractlon rate Clxed durlns ihe whole periodo 

1.1- Increasins the rate oC extractlon S X every S years. 

I.Z- Inereasing the rate of extraetlon 10 X every 5 years. 

J.3- lncrea.ing lhe rate oC exlractlon ZO X every 5 years. ...... 


n.l- Inerea.ing tbe rate of extractlon 1n th. therlla! area excluslvely 
(13 celIs) SX every S yesra. 

II.Z- Incre.alng lhe rate oC extractlon In tbe thermal area excluslvely 
(13 cells) 10X every S years. 

1I.3- lncreaslns tbe rate of exiraciton ln lhe ther•• l area excluslvely 
(13 celIa) 20% .very 5 years. 

IJ.4- lncre.sing the rate oC extractlon In the thermal area exclusiVely 
(13 celIa) 40% every S yesrs. 

In Table 2 the results oblalned for the dlfrerenl pollelea that were tesled 
ar. shown. For eaeh policy the total volu.e extractad durlng tbe perlod of 21 
y.ara ls given aOO tben the pereentasea whlcb origlnat.e In tbe tbenal 
BOurees, tbe st.orase of the aqulfer 800 the nelshborln, reglons la lnc1leated. 
Flnally, In lbe 1••t eolu.n tb. total volu.e oC drawdown produced during the 
whole p.rlod In the aod8'lled reslon ls ,lven In mUllons oC cublc aeter•. 
ThtJae resulta are also lllustrated In ,raphleal fora In FIg. 8. Clearly. to 
enaure a drawdown as low as posslble, 10e&tlng the sddltlonal demand In lb. 
theraal reglon ls tb. best optlon. 

Table 2: Predicaoos for the period 1989-2010 under different policies. 

POl1c:y Total Pullped OC lbeno! Fro. AquUer Fro. th. Drawdown 
VolUJlle Orlgln Storage Boundary VolWllff 

'a3xl06
) ('X) ('X) (lO (III

3 Xl06
) 

1.0 1698 81 3 16 3440 

When lncreaents ln pumplng are unlCoraly dlstrlbuted 
1.1 1915 81 5 14 6000 
1.2 2153 76 7 17 8800 
1.3 2702 77 11 12 16000 

When aU inerelllent. oC pUJllplns are t.aken fro. thermal ares 
11.1 1866 83 4 13 4800n.2 2069 81 5 14 6400 
11.3 2184 82 6 12 7600
n.4 2946 82 8 10 13600 
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Figure 8: Comparison of simulatee! policies. 

CONCLUSJONS 

A nu.erlcal MOdel that takea lnto account the contrlbutlon o( thermal sources 
14as developed, and ualng U, dif(erent operaUon pal1clea have been tested 
(or the aqul(er o( the Clty oC San Lul. Poto.l. 

InlUally, lt 14a. Intended to lmplement a model wlthout thermal aources. 
However, 1t turned out to be lmposllible to IIchleve a lIIOdel capable of 
predIctIng the obllerved behavIor 14hen only horIzontal Clo14 14as modellad. lbls 
poInted out the need oC lncorporatlng theraal aourcea ln the model, ln order 
to explaln the vertlcal Clux comlng Cros deeper geologlcal (ormatlons 14ho.e 
hydraullc propertlea are unknown. Thla vertIcal supply 14all lncorporated ln,the 
model, lntroduclng a layer o( conlltant hydraullc head In the 1014er aqul(er. 

Slnce the propertlea oC auch layer 14ere unknown. II 14as necellsary lo derIve 
,thea durlng lhe cal1bratlon proceslI. lbe aaln parameter that was adJullted 14as 
the vertlcal hydraullc conductlvlty that exIsta between layera I and 11. At 
the sa_ U... the hydraul1c propertles, T and S. o( the aquifer and the 
boundary condltlona 14ere also adJuated. The Cact that an addltlonal paraaeter 
14as lntroduced ln the callbrat10n aade th1s procesa aore coap11cated than la 
usual Cor thlll klnd o( appllcaUon. However. th1s Cona o( proceedlng ls 
slmllar to what la ullually done when applylng modelUng technlque. ln the 
horlzontal plane, (or 14hlch lt 111 standard to e11mlnate ne1ghborlng reglons 
14lth lnsufClclent hydrolo¡lcal InCoraatlon by lmposlng sultable boundary 
condlt1on.. In many caBell, the Bupply coslng Crom Buch reglons ls quite 
IIgnlclcant Cor the behavlor oC the part o( the aqul(er 14hlch ls modelled. 
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The re.ulta or the cal1bratlon vere aatlaractorlly verllled by reproduc1ns the 
obIMrved bebavlor In a lonser perlod (1960-1988) 01 exploltaUon or tbe 
aqulrer. tor vblch locOlllPleté bydroaet.rle lnCor.aUon vaa avaUable. n.fI 
resulta oC lbla atudy Indicate thet the proeedure uaed here to atudy a de.p 
,.clo,teal ror.atlon (or vhlch no lnforaatlon la av.llable, ..y be 1.1••(1.11 aor. 
¡enerallY. In particular. In the ca•• atudy bere reported, In apUe oC tlle 
lnsurllelent knovled,. ol the d••p lor.a\lon lt vaa poa.lble to .ate 
rttCOM8ndaUon. lor the pollel.. to btt lolloved In tbe produeUon or the 
aquller. n.e.e recouendaUon. are beUer lounded than 1f the laele 01 
lnloraaUOn about tlle therul acure.a liad lnhlbtted 111. d_.loptUlnt oC aueh 
_el. 

Ibe dl.trlbutlon 01 pl.zoaetrlc laada predleted on the aasu.ptlon that the 
prennt rate oC puplns la continuad throuah the whole perlod 1989 - 2010 
(Fil. 9 optlon 1. O) Indicatea lhet. t.ha pre..nt extracUon can btt eontlnued 
wltbout produe1ns exeeedlnaly larle drawdowns. 

, 

Fi¡u¡e 9: Contour map of predicted piemmetric heads (1989 pumping me). 
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F1gure 8 clearly 111uatrata. tbe fact tbat. 1f tbe pWllplns rata la to be 
lncr••sed, th. .ast convanlant option Croa the polnt of vlew oC kaeping th. 
drawdowna a•••all aa poaalble 1. to concentrate the demand In the thermal 
.rea. However, Ir .uch policy la adopt.ed, the supply would contaln • greater 
volWlle oC th.raal wat.r, whlch would deteriorat. lt& quallty. lbua, In .ucb 
c.... lt would be I.port..nt to .onitor th. dissolved lons and the water 
teMperatur.. Ir tbta 1& done. tt. should be recoMaended t.bat tbe InCor.atton 
sathered In lhi& ••nnar be used to '.prov. the nuaerlcal .odal and to test 
tba .ssWllptlons on whlch lt. l. basad. 
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ABSTRAer. Major parts of neogene and pleistocene basíns wilb a multi-layer eonfsned aquietr ,..~:;~ 

systcm. are subject 10 overexploitation due 10 their lilbological and StlUCtural heterogeneity whic:h 

obstructs lbe recharge from the adjleent Iúgh potential qllltemary aqllifers. . 


nnxODUCTION·GENERALSETnNG 

ID several extensive regions in Greece. neogene and pleistocene deposits are developed. eilber 
formiDg a Iúlly environment occovered by lbe recent allllvia of plains. TIlose deposits of tlllvíotoc
mlcial oc laeustrine origino cansíst of a1ternaríans ofcoarse and fme materials. e.g. sands, sandstones. 
JlRvels, conglotlllmlles. silty mixtures. elays and marls. fonn.ing a resemblance to a mulci-Iayer 
system. 

11ússystem offers a seqllence of confined aquifen of significant potencial for local use. The recharge 
of the aquifers (II. m. A. B in fig. 1) is aclúeved lbrough underground lateral jnt10ws from lbe 
termioatian oílbe torrential fans at lbe borders of the buíoa (1 in fig. t). In the fans, ver¡ eff~tive 
pbreatic water tables are developed. recharged mainly by infsltrations from !be river beds. ID sorne 
cases. the mlllli-Iayer system carnmunicates Iaterally wi!b !be limestones of lbe borders wlúch 
discharge tbeir brstic waters io !be forro of huge springs; a dynamic hydraulic continuity from the 
karst 10 !be porous media is lbeo establisbed. . 

WeIls ofdepths betwecn 100 and 200 m are fOllnd 10 deliver yields from SO 10 more than 300 ID' b·1 

However. af'ter several years ofexploitation oC lbe ground-water oí lbese regioos. a general decline 
ls observed wbich canoOI be atlributed only 10 lbe COMbUchon of ncw wells oc lbe aging of tbe old 
0DeS. Many oftbeseregions are already under a regime oC overexploitation and new irrigation plans 
will be mainly based on water from suñaee reservoirs. 

1st'" ~~ 
"1:>".' 

http:Albens.42

