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Chilton and Foster (1993) cJjscusscd (hat low values of transmissivilY are likely 

III exhibil slgnifJCan( vanaliun." In yield and responses 10 abstra,lion This is 

r.:haract.erislic of the yield .. aiM.! lIaml1lism 'nies obtained fWIll aquifers in Ihe slUd~' 

arC;t IInwcvcr, tr3n. .. nU~I\· UI('~ ;1IC ).!cllCrally higher in the gr' IIII"r.; rock "qulle~ than 

The !lrtlIlI number vi aquifers enCt~lIh:rcJ III the f!reensit)lle!O lIIakc~ II 

UIIICplcflCntatlvc I{lr any ILlcalllnt-:lul discussion lhuu[!:h the highcst average 

transmissivity \'iIllue uhlalllcu in Ihe Sludy was in the greenstone aquilcu . The ~me 

obJ;C(vation waJi JlI:.de by Banoeng·Y.lrubo (1989) from his studies in thc calcul:lIion 

or lransmissivjly values from ):reem.lone rock aquirers in the Upper region. .. of Ghan.1 

USing the Theis RtXovery method, Ihe u;lnsmissivity va lues for w; hureholes 

range from 19.5 to 213 .4 m!/day The a\'era~c \·alue was 82 .3 ml/day . Those 

r.:akulalcd from the sallie btlfelK.tlc~ u"m~ Ihe Cooper·Jacob (1946) sulution Icduuquc 

gave a rani!c hetween 24 .5 and 183 .4 m~/day with an .\·era~c value of 75 .2 OIl/day 

rransmisslvilY va lue~ rrom the r«o\'ery dal:ll are hlghcrlhan those obtained 

from the CHup:r·Jacob (1946) SOlullolI tc-chni4ue . This is ba:ausc, dUring the 

recovef)' period. water levels arc mea~ured without any interference from pump 

:~:::'~::~:'SC~~::.il:.",:::'::-'·"~h1 " .. , 
H 2 SPF.nE!l:_£Al~AQIJF.~ ~ , ) p 

- '-
l)ri!oCull l1989)llellll(.·' ,' ..... ·\.III..:..:ap.lCu)' ora well aSlhe ralC ordilC hargeper 

uml drawdown. SpecirK: C3pal:ll)" var l('\ wllh lhe dural ion of discharge Esscnl ially, 

lhe IIIne at which lhc spa:lflC capacity t1r a well is obained is very ncc:esary . 



Olhe:r factors which mflue:oce the: ~pccirtc capacity of a well Include thr hyLlraulic 

dW<lClerislic<; of the: aquifer. the poI'tlal or total penetration and the efrective open 

.rrc..lllllhescreen(llrCf<;ehenk.I963) 

rhe spccinc capacities of six burcholcs It:sIL"(j Ivr 24 hours tluring the stutly 

III Ihe W,r well fie:d~ were compuu.'\J (lVe:r the tcsl period . A l11inllllUtll sl"I«ific 

_~IX hurehtlle .. 1lIe avera~e spec II",: capacity valut' i .. 40 5 m:/day an~1 the ~I;uward 

devlalion I" 41 7 m1/day. A~am. Ihis exhibits the wide II1ca~ure of dl~I"lCISllll1 111 

speciftc capK:uy vJluc$ in the stooy area 

Porty-sevcn boreholes tested for one hour have specinc capacities ranging 

from 0.7lO 101.9 mJ/d;;ry with an average and !itandard deviallon value of 22.3 and 

24 .9111:ltlay respa:llvcly The OImOUIll ofdc\-iallun fromlhe mean IS high, which 

CXrlalm the helerugcncousatwJ lucali5Cd nalUreofal.lulfcr in the re)!1I1II 

Gramtlc rock aqulfef5 cncoullieraj in 23 bmehule~ tested ft.r line IWllr OIWJ 

have ~Jl",.'eirK: capacity vallie .. ran~UlI! between 1.4 and n .o III:/day . The average is 

varying frum 3.9 10 55.9 m:/day furcight aqulli:rs The siandard devialion is 21.7 

nit.' ~pccirlC Orl(IUCS or wells tested hIe liRe hour range from 0 .7 ml/day 10 

% 5 tn : d;t:- til !loItCl\' C' 'Ih) Ifillc il4ulfers . The mean value is 21 .7 m1lday . Greenstones 

have ~rc(llf( ca~ity valut."S varYing between 4.3 and 101.9 m:/day wilh an avcrale 

(If J7 4 m:/day in four boreholcs fesled furune hour 



nw: range and stalk!:IIO oC\'I,ltion v.1UC$lIrl"pccifk cara<=itie~ohtnillaJ in the 

vanuus rock aquifers devialc 1!rcatly from their me .. n wilh common wKJe disparities. 

ThiS may he due (0 the taCl'I~1. aqUlrers In lhe study area are variahle in extent. 

lhickncss, composilion and hrJuuhc ch.1faClerUlics . The variable litholOfic~ :md 

del!rttsof fnclurinl! inler!IeCtC\l by lhe bureholes.lsoaccount forlhcsc d,"crcnccs 

in .. p""CIIK.: .... p,lcilyvalues 

Chillu" and Smilh-Caringlon (1984) agree that thc;\C spedne capacitlcs .11C 

ent)U~h to sustain rural water sUWlies. Sixty pen:elll of the boreholes tested for one! 

hour h;lvc specifIC 1.:'pa"IIC\ ul ovcr 5 a m'/day. ;'\ lIu",mum value required In 

achtc"c a Village water supply IIf IOI/min 

Hale!! el al (1992) reponed hI in the crystalline b3~emem rockl- 01 Kalin 

"Iale in Northern Nigeria, the mean !ope-dr.c capacities of undifferentiated gramte!> III 

wealheroo alk! Iraclumi aquirers I .. 14.9 ml/day .Uld 16.9 m'ldl), resl'cctlVl:ly . TI'IC 

average specinc capacities obtatncd from the we:lIhcrcd ,1(jUIlCI\ in gr<!.I1 itc5 is 17.6 

IIII/day In (he ~llMJy.rea."", thaI obtained rrom fractured aquifers is " .8ml/day . As 

dr.lwdown increncs. there IS a m.ukcd dl"\.rea<;c 10 the spa:ific a.:ap:\cily . Driscoll 

(1989) expJaUls thai thiS det:reasc depends un the: ecologic ongm 01 the aquifer . 

From Table 13. hllth spc<:ifK ClpacllY values ale usually associated wilh hi,h 

Ir;H\<;lUi .... iviti~ From earlier dir.cusslon,. Ihe average specifrc: capaa.:lly values in 

phyllllC!i and SClllsl (ock aquirers arc comparable . However. aa.:a.:(lrdlllJ;! to Ajayi 

(19M7). the productivity of wells canonJy be compared If. pumpin~ period is chosen 

.nk.! the ykld of lhcsc wells tire .. ('I11pUed at a specifttd level uf drawdown. 

llw:refore. In real terfH~. II 1\ 1I1111wpe:r 10 ccmparc: the average spct:ific capacilY 

v.lyes thai hive been ootallk'd 



5.8.3 I!!~VSSlOJ'l! OF ~'~EI)_()RAWJ)OWN RI~'-~I.J:.S 

Slep ·tlrawdown tescs were perfonned for five borehole5 in the Wa well rtClds 

The: analysis was done usinp: (he Jacob (I947) graphical 5OIution method 

A t:ilSC study is one 01 the W~ (Urban) South ·west boreholes in lhe well field 

Thi~ horeh<lk . WXI I:" Wil~ drilletl 111 a flatland and screi:net! throu~h granite. The 

fmaltlcptholtheho'r(;hulc \\ 58111 The ovcrbunJen thickness is 32 m;lIlu the tlcpth 

to lop of the aquifer is 41 In It has a ~Ia'ic water level of 9.02 III and the dyn.-unic 

waler level afler 24 hours of pumping is 32.18 m. 

A step-drawdown lesl con.~islmg of 3 sleps with eaeh step lasting for one hour 

was t:onducted by the Kumasi Drilling Unit of lhe Ghana Water and Sewerage 

CorpoJalion (GWSC) during the sfUdy The test was perfonned at discharge rales of 

130 mJ/day, 156 mJ/day and 176 ml/day . 1lle origin of time (or all steps is taken as 

the i>q!mning of the: test 

The format ton and well I()~s i.:unstallts. 0 allll C were calculalcd from equation 

(4 .16) a' !ihoWI1 lit Hl!urc: ZlI I he calculated tlrawdtlwn nhfame~ from (he values of 

11 and C Ire illustrated 111 "tables 2401 .. ,,1.1 24b The rOIlIl:llion l.)5s cOI\.~tant , B. is 

O.09b 111"1 day. The (ulmalion lou cUlI1ponent of (he tulal tlra,\duwn IS 16.89 m. 

Funhcr. (he wcllioss (On'I:1I1I (' is 0 OOU4 III ' IIay 1. The well luss component or lhe 

lOtal dr:lwdown i~ 12 J9 III calculiuetl for the "'me borehole . The computed 100al 

drawdown il therdurt: III .1M III The m:IUIllUIII JI"'h;u~e al which the step-IeS! was 

pcrlurmeJ fur IhlS burehole I) 176 m"da~· The actual drawduwlI aller 24 hours or 

rumplPlf is 22.98 m and the tlllil.:h.arge rate for II~ cunstant ralC lest IS 160 m'/day . 



The errk:ICrM:Y IIf Ihl~ hurehole after one hour WIS (akul3lcd rrom Ihe ralio 

nr Ihc lurmallon lollS component. [)Q 10 the: lotal drawdown. S. (Jacob. 1947). The: 

dlide:ocy or borehole numoci W81 IS alkr line hour of pUl1lpUl)! is S8~ . This 

Implies (hOl( Ihe well 1(1,,-, (;umpuncui. CQJ of the lolal dta\\dt1wn has illtfIJoul.:'CO 

IlleflkJcnclCS II) the: borchok: perrorman(;c by 42~ , 83110CII$' YaKuhu ( 1t,l89ImdlcOItcJ 

in his studies that such inclr.clerlCrcs introduced by the well loss components hinder 

groundw;ucr ahmactions and si~njficantly reduce the yield of the boreholes 

Corrtclhc measures such ali the redevelopment and rehabilitation of the 

boreholes ~hould be implemented to remove these inefficiencies . MOM or Ihe 

boreholes should be pump·tesled ror a longer duration 10 delermmc the aquifer 

raramclers and how su"ttunablc determined yields are when projected over Ions , I 
periotls of rUIIIPIJl~ 

Re~ults uf the step·duwutlwn analysis shown in Table 15 were used in the 

calculation of borehole cfficl1;nclt:s after,OIlC hou, r 0, r pumpHl,~ 'lllC resuh indiC8led(!R 
..... \11' .. 

thatntlntuflhcboreholesanalysc~hadlllcfficlenclesexcecdHlg75%. "'0" 
it , 

~ .. ~ ;;, 
19 MllLt! ,[. 1 nJ:~tr<.J)J!."':I!}'Uill!'LJ)"-!'-!,R~VIIEltQl.t;S ~'''' ~> 

Gwundwaler U\.lUI' mainly within lhe O\'ClbUiJen and in (raclures within lhe 

t,,:Jllxk Three types (If aquifers havc been identified from the tJrllkrs' l o~s in the 

Upp:r Wesl Rc,.ion 1 hc~ .lIe Ihe weathercd rock aqUlrers which Irc Iracturc, 

related. IIIe IracluretJ UIl\\"c.lllM:H·U rock aquirers and Ihl' liaclurW quan1.-vclII 
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TABLE 24.: 

CALCULATED DRAWDOWN FOR STEp·DRAWDOWN PUMPING 

B = 9.6 x 10·' 

C 4:1e 104 

TABLE 24 b: 

Qlm'/day) 

TEST AT WA (BOREHOLE NUMBER 3981 • 15) 

USING RESUL TS FROM PLOT OF FIGURE 20 

(m'/day) 0.096 (m'/day) 

(m'/day') 00004 (m '/day') 

Balm) CQ2fm··) SW_BQ + co· 1m' 
&-0.0004 m'day' Co::O.OO04 m'day1) 
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TABLE 25: 

Summary of FormalM)f1 and Well loss Components 
of Totsl Drawdowns Using Jacob's (1947) Method 

s •• 
Ikw..,.. Nu~ QWAJI: ~ oJ 

~ OfSt~ ImJOay) 
.,m-' 
0." 



\'IIIIIC!' III IhI: \\t::athcH.-J /I'ne an: well tJt::\'t:lupetJ a~ 1~ Cllnlll1(1nl~' the Ci1~ 

III .• hll"q \C\CIII) -Iu'c relCCfll III the rocks in 11M.' stutJy area . Vil1ually . all the 

Ulllltl,tIIJ1g waler moves Ihr!)Ugh Ihe weathcrctlzone belore \I I:an ptrcolalt into the 

deep fr-'Clure systenu in the fresh unweathered rock . Thus, groundwalcr is siored 

Il1Insicnily inllIC wcatheretJ zone 

This gmumJwater J,!~'llCf;llIy tOrillS if conllOuUI11 with Ih.11 stored in the deeper 

hacturc ~yslcm or lhe hedruek _ In sume cases. the fractures itrl! inler'lM.'fsetJ wlthlll 

the wc:uhercd Lnne 

l)urint!lheprojet:tinthemitJ-scn:ntit's.lheboreholetJrillin(l:prugraulIllcwas 

basIcally focused on OblaJIIIIIJ,! yields rt::qulmi for borehole completion fmm the 

weathered zone . 1l1is policy. Iherefore. affectec.! how tJeep the drilling should be 

clrriet.l OUI. tK:nce upl.lInlRg why most boreholes in the siudy area Were complelaJ 

1ft Ihe moderalelydc:compo'iCd LUrICS 

AIIUlreo. were ;dSt) encountered in rock~ where fraclurcc..l quartz veins 

travcrset.!lhe rocb. "'IC'IC aquifers are normally observed to be very prooucttve. 

Yiclus ;tn: «:nhar..:ctJ .... /ICII many fracturt.:tJ quartl \"('1115 cross t;ul Ihc rocks. fire 

Iracturc' sup«:fJmpo!'i(' ,<cmadary purusity un the rocks and incrcaSC' thcrr poroSltlCS 

and pcnneatuhllC' 

Amollit the twenty-three obscrvalion borehole». <;'1lI.tt.'cn were tlrilk-d in the 

graniuc terrains. wblle 1"'0 w«:re ~omple1cd in Birirnian phyllites and five in the 

Ihl"uran SChIM( In Ihe !!,r:lI1l1oids. twelve boreholt::s obtain Wllcr from the "cathcrctl 

/nlle ,1l1d I"UI til lhe tlorehu/t:<I; lapped water from weathered zones within the 



About 61 S of the boreholes were mainly completed in the moderately (0 

slit!htly weathered lOnes as indlC:ued in (Table 26): whilst J9~ or the moolloring 

boreholes were completed in fresh bedrock. Nu'IC of the monitoring boreholes tap 

walCrfrom fracNred rock aquifers 

Genel'311y. 65.2~ of the monitoring boreholes obtain waler from the 

we.uhcmJ zone, while 17.4'- of tbe boreholes ~\'(: aquifers in fr.a.crurctl rocks and 

frac.:lured qUJnz ~'elncd rocks respetllvel)' (Table 27). For Instance. borehole 437E 

5 at Furo "bulIls w.uer lrum a decomposed fractured quartz vein 5Chi~t and borehole 

40IA 7 ups water from a weathc:rt'rl schln lqulfer at Jan! . The weathered zone 

u\u.llI~ ":lImpn-..c:s an:a.s of deep fO'k <kcumposllllln anc.l are cOllSldered to have the 

hl~he~1 Pl"entl.11 fur \ulo:cessful bureholes ...... Ilen fractures anJ 'luo.lrtl n:IR.O; are slre ..... n 

'Allhm the ..... cathc:rttI zone. lbe presence of thc:~ structural Ic;uurclo -.c:rve as a guide 

\\1 lunhcrJnllmg II'IlO the fmh bcdrock 

Tahle 28 IIldicates thaI abouI74.S% oflhe production horeooles lap watcr 

from the .... eathemJ zones whilst IS~ otn;un \.\-atcr (rom Irat:tured "Iuartz-vein rocks 

;mu IO~ receive water from fractured rock aqUifers In Lawra. borehole 437E Slaps 

"au:r from a fractured ~rc:enstone ilqulfer . while at Kodouni. borehole 398G 4 

n:ccm:s ..... 1Ier from a fraclured quam vein pbyllilic aquifer 

A closer study of the borehole lop clearly reveal that about 70c;t of the 

"4U1fers in the production boreholes an: within areas of moderately (0 sligbtJy 

","CdlheredZOReS. 

124 



TABLE 26: NUMBER AND PERCENTAGE OF DEGREES OF ~THERING 

IN THE LITHOlOGIES Of MONITORING BOREHOLES 

Degree oJ Number of Percentages 
Decomposition Boreholes 

Hoghly 
Weathered 

Moderately 61 
Weathered 

Poorly 39 
Weathered 

Total 23 100 



TABLE 27: NUMBER AND PERCENTAGE OF AQUifER 

AQUIFER NUMBER OF PERCENTAGE 
TYPES BOREHOLES 

FRACTURED 174 
QUARTZ VEIN 

FRACTURED 17.4 

WEATHERED 15 65.2 

TOTAL 23 lOa 



TABLE 28: Numbers and Percentages of Aquifer Types In 

the Producllon Bo(eholes Upper West Region 

AQUIFER TYPE NUMBER PERCENTAGES 

Fractured Quartz Vein 26 15.5 

Fractured 17 10.0 

Weathered 126 74.5 

Total 169 100 



TABLE 29: Number and Percentages of Degrees of weathering 

In the lithologies of the Production Boreholes 

Degree of Decomposition Number of Boreholes Percentages 

Highly Decomposed 20 12 

Moderately to sllghlly weathered 119 70 

Poorly weathered JO 16 

Total 169 100 



About 12';(. obtalO .... ater from the highly tJ(,(lIInroscd wnes, unlike in lhe loolllturing 

bon:hoks where no borehulc laps waler from the lu)!llly decomposed ZOI1e5. 18% or 

the production boreholes obtam waler from lhe poorly tJet:omposed zones (Tahle 29) 

rhe net ..... ork o(groundwater monilori", of boreholes produces a sct oftJala 

.... ·Imh deplct!i Iq!lon:J1 \';ITlaltoUS in thtquanlily and qua hi)' 01 groulk.lwatcrnnd 

lacl(lr.~ alll..'i.:llnJ.! thc~ varialiun~ in ~eoloBica l . topographical and clim31tc 

envimnments 

MUllllunngboreholes inlhcstudyarcaalt's(X"ific boreholes used IOpn.wJucc 

""'ller and It lhe same tllne III mURlior pnwJuclion boreholes thai ~urround them 

AccurdinJi! III Smcn (1~J4), IIIUlllltlun~ may be "'dined IS a scientifically dcsignciJ 

~urvCIII;IIM.:C system 01 C1I1I11II11Inj! IItca!iurcmcnl~ and obscn,.uions iuduiJm.,: 

prucCillures . Moniloril1~ H.-qUilt:' Ihilt iJata is obtamed un a reJular balils. when:h~ d;ll" 

can hcellcclively U!IC'tI Itltldd bulehole performance which is vital iflhc IllOIll II11UIII 

long term yield 01 a horehole IS 10 be reah!oCd 

Gruurx.iwiltcr monitori .. has Ixcn possible mamly in the use of ub$cn'3liun 

hmchnles. However. lII\'c\ligaliofl\ wnJucled by Bannerman and Ayibolclc ( 1984) 

in the stwy area :.ug)tClot that lhe most efficient wly 10 manllor producliun borch(.IC'I 

IS III use lhe bon:h;Jlcs themselves. sinc;c Ihe normal praclice or havinJ! SCp.U3IC 

htllcholes Itl momlor lhe performance of PfOiJUCtlUIl boreholes wouliJ eventually 

H1\t,h ~- hlj!h ellsts and log'suca) constraints 

___ 12.2.. 



During the pro~cl irK:eplltln hy CIDAlGWSC, • network of 2.1 "b!>en'allon 

1"llChoklii werc eslablished Ihroul!hout the region to collect inrormation rclale<.l ttl 

)!n1tlIlJ\\OIICr level nu~lualluns 

FIJ!ure 21 !ihoViS the location of Ihe\C borehule!' and S(IIIlC producllon 

boreholes surrtlundin(:. them The observation boreholes were sclectetl upon Ihe bam, 

o( easy access to <.Iala eoUa:tion. 11I!!h yields and low drawdown due to pumpinJ: 

Todelenmnrlheadcqu;u.:) orother\\,I:r.ct)l lhce.ll.lsllngn~l\\nrk('lllhserv;lIlOu 

boreholC5 momUlrmg Ihe aqUlkrs being rapped in (he Upper West region. IllC relalion 

of the groundwater monitorin,: sy~tem wilh the hydrogeolo~l!.:al l:uuditions of 

procJucingboreholes in thcfivedwllclshave becnsludiedand \'erirlCdin the preseIII 

"Iudy lla~cJ on the findings. il would be delennined whelher or nUl the currelll 

monitorin!! boreholes an: representative 0' (he: proUu":lIon boreholes. From Table 30. 

elevallnns above mean ~a level of some boreholes were measured wilh rhe Global 

Positioning System (GI'S. (iARMIN 75) durinJ the study These elevations I~ve been 

ustd to rethKC the 1>(lfclKlic depths aoo aquifer dept/as to mean 5(':1 level as refe~nce. 

To Invesligale ... ·hethcr the monuoring bon:holes have an.v hydrogeological 

rciallUllShip WIth the PHK.!u~Utln ~'reh()les surroundinll lhem in the study area, 

htlll,'/tuic depths arK.! ;aquirer depth!> \\ere I.:ah:ulaled This was done with a "ICW of 

hndlll~ (lui II the~ IIIOl1llOflng boreholes .... ·ere complelt'd in aqullers that bottom It 

Iht' <;;IIl1e Jeplh, a~ lh(l~ of (he proouc:tion boreholes surroundJn~ them . 

Illlhe tJlliilnclul Tumu. five observation boreholes were studfcd alOIlIl\IJe with 

IImtccn produchon h"'~'holes 



Obscryallon oorehole nlJlnbcr 444F 2 It)(atro in Puliml is _hool 2 .5 km from Turnu. 

the cJlr.lricl capilli!. l'nxJucltun boreholes 444F 4 .nd 444F 3 arc aboul 250 m antJ 215 

m away from the observallon Ilorchole They were all drilled III na(lamls and up 

..... ter from weathered granittc-gociss rock aquifers Observation borehole -I44F 2 aut.1 

the prCMJuCIIOI'I boreholes h.ave the same aquifer thicknesses of 6 m. 

rile St3tt( water levels in the ubservallun burehole and the pmduc.:tlllll horehule 

444F 4 are almostlhc S.111lC wilh yalues of 5.8 m and 5.2 m respectively. while the 

SiaiK water level of borehole 444F 3 IS 2. 1 m and is 275 m from the obscrv;ul(m 

AquiferdC'pths allove me .. " sea level vary inthc produclionand observation 

hmchnh:\ . The lh:Plh IQ top of the aqUifer "hove mean sca level is 451 .0 m in the 

procJUL:IIUII borehole 4-14f 4 ;HlcJ 320.0 m In Ihe uhservatlun borehole 444f 2 . l1lCre 

eXISIS areal vlnation~ In the yteld despite the (aellhalth.ese boreholes oblain waler 

Irmll the same rock type The: yield of lhe ubscryalion borehole is 103 .5 IImlll . ;and 

lllit flU che production borehole~ 444F 4100 444F J are 13,5 I/min , and 31.7 I/min . 

respectivel)' . 

nte hl~h Yldd obtained hom the observation borehole may be due 10 lhe 

presence of fractured quartz yein intrUSions mlerSttling the thick overburden of 23 

m which wu not encountered inlhC' prnduction boreholes 

·lllCfe is indication tb." there exi,;ts no hydraulic connection between the 

1'1"C;I\.Ilh,nbureholelndtheprotluctionboreholc\surroundinf! il . Thouf!h,lhe three 

j,orehlllt's h.I\C It.: same aqUifer Ihickncs'IC~. 1I)Clr yields. aquifer depth~ uboye mean 

o.c=alC'yelaf'du,'clhtJrdenlhlCknes.snaredirferenl. 
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Evcn (hou~h dlflcrcnt:c~ occur in Ihc proper1ies of these horeholes. Ihry ubtain waler 

from Ihe ianlC rock Iype 0100 i'\julfer aoo arc also found in lhe Sollne tUflU8rnplJII.:al 

~tinlts 

lefflSi. a town situated 30 krn south·west of lhe Tumu township on lhe Tumu· 

lawra III~hwOly I" a tnwn m lhe Turnu di5CrK:t. Borehole number 4431 I i~ an 

ob!'er"31101l borehu[C whICh t~ allOUt 800 m away from the production borehole 

nUlllber 44312. 'nw; atluilcr depths above mean sea level in the observatiDn .,-.1 
production hureholes have close values of 300.8 m and 305.0 m tC)Pl.'t:tl\·cly 

However. the production borehoie yields 99l1min. of waler from it weathercd rock 

aquifer or granitc·gneiss with an aquifer thickness of 6 m whilst the ubserv8lion 

bo,t'l.,)lc }It'lds 22.5 I/mm. of water rrom an aquifer IIl1dnc.~ .. of 4.6 m. The 

~l\'aIIOIl bordlnle \\'.1<; dulled in I wcatheretl gramte-gneiss J\l(..k aquifer. They 

bothuccurinIJallaoo5 

Eight hundrt'd IIlClcl~ <lp.lft, Ihl:sc Nllt:hulc1 differ in a~uilet IhK:kneuea wilh 

\,ary,"" y;clds as well B(Jwcvcr. Ihere eXISh ,\ 1lgntfu:anl hydraulif.: IlIlk hetween cite 

ob!.ervaclunburehoieand proouclionboreholcssurroundtng II, bccau.'OClheylapwaacr 

lrom Ihc ~mc tuck and a~uller Iypes_ In addition. thc~ l)(;CUr to the 5ame 

lopugraphy and hive close values uf '"Iuder dcplhs above mean set. level 

At Nandaw.la. aho in the Turnu district, borebole number 44JU I. an 

obl;c:rvaltun borehole was drilled on a OatJand and compleled Ihruugh .. "calhc'nl 

gr.mIlJ~ ~nt'i ... , " ... 1.. .Iqulrcr . . \\1oul 40 m rwm IhI: ob~t\laliun borehole IS d 

pm,JueltOn 1'I'lchuh: number "'4111 2. Thts I:>mchole is .ilUlled on. hillside and .Iso 



Uoth the: t1ibservalKJn and production oorehole have the: sa~ ~atlL: WOller Icvels and 

aquifer thic:knes.5C'$ with values of 13.4 m and b .1 III respectively 

rhe observation borehole has a yield of 90 I/mm. and aquiferdcpth aoove 

mean sea level of 270 m . The overburden thlL:knc»s is 17 m. whilst the produclulIl 

horehule has. yiehJ ofQ 11m in with an aquifcr dcpth above mean sealevel of JIJ 

In . The overburnen lIuckneu i~ 27 m. It implies thaI. though the prodoclion borehole 

IS quite near the uh~rv;uion boll:oote, it was !iitu.ted at a hyt1roS:CH111~u.:ally poor lite. 

()eosides. moderate {u high yiekls are nurmallyexpected (rom boreholes drilled on 

natl,mdsandvalleysthanonhillsides. ~ 
Despilc the lIOOft disunce betw~n the tWQ boreholes. lhe differences in yield ~1r(J r l 

and aquifer deplhs above mean sea level. IS well as the topography in which the ~",.}. J 
boreholes were located. indicatethallhere is IlOrelalionshlp bclween lhe observation ~ 
borehole and the pnJduciion borehole 

In the liraPl-Lambuss!C illstm;l. '"ur IIIl1llltonng boreholes ;mil forty-five 

prudUl:tlOIl h()ft'h(llc~ wen: sIOOK.'tl Ob5('rvaHo[l hurcholc number 4380 3 I;OIllPIC'kd 

tluou~ a weathered grcemlQOC aquifer IS found In Jirapa- Vipal.. This hurcholc is 

ahuut 100 m from. producllon borehole numbl:r 4380 1. 

This burehule was however screened through a weathered granitic rock aquifer 

ina nlttand These twO boreholes have equal Yields and aqUifer Ihickrleuesor 1).5 

'Imlli. and 12 I III each. dcspile the diffel'm rock types In which they occur. It i~ 

p;1~~lble mat there was a fractuR: rcJalN ~uanz VC'ID I;ystem COf\nC'ctinll the: tWH 

hnu:holes . Surfa,,:e mani(csuHons also HIlIit,;atro Inc.allsed zones: of 4ualll \<cins 

surround ... lbe borchoks which bad a relativC'slgnificance 10 lbeIlydrogcology . 

___ 1.14 



Overburden thicknesses in lhe two boreholes are ahuOliI Ihe \3n!e wilh 15.1 

In m:unkd ror the observalion well and 13.0 m oblamed ror the pfoducuon well. The 

dcpi'hs 10 lop or the .. quifers above mean su level in the ob$crvalion and productiun 

bmehulc!> arc respt::l;"lIvely 301.6 m and 304.0 m 

IJt',)eII<.hn, on the distance between Ihe two boreholesall(J theaquirercJepths 

above IIlC .. 1I \Ca level as well as (he Slruc.lural systems ~'onnecting them. they are 

likely to bc'la\'c in a hydrauhcally !!IlImlar manner. lIowevC'r. Ihc extent of hydraulic 

link IS minimal SIItt:C 11I01ll10rin, mlY nllt he qUIte eflct"tive in bt)rcholcs tapping waler 

fromdlllclcm rock I}PCS 

Oh.\CrvaIIUIi bmchole 438A 3 a( Zumara m the Iirapa diSlrict IS the only 

borehole in this lown. It taps walC'r from a fractured greenstone aquifer in a n.uland 

It has .In aquifer Ihkkness "' J.4 In and aquifer depth ahove mean SCI level of 264 

m. II prooucc.lo Willer al a rale ur IS I/mm. Production borehole 4J8A 4 OIl lJa.mll~ 

alI!J 4.H$A 5 .11 i.ISsa 10000:lIed ~ 56 kill oIIl)(j 1.35 km ilway from Ihe obscrvalluH 

bon:hulc Icspt.'\.II\'ely also t.lpS water III a l1alland from we311lClcJ ~rttl~lltl'lc 

aquifc:~ 

These IWO production boreholes produce the same yield or 22.5 I!min of water 

and .. hI! II.I"'c the SJlme aquifer thicknesses of 6.0 m. The aquifer deptlu above mean 

!iCa level III 438A 4 a,)(j 438A ~ arc 349.9 m and 238.0 m respectively. The 

o ... cfburdcnthll.:kucs.scs ob .... ned are 23.0 m and 28.0m rapcc:11\ldy 

Due ItlthedlStances. different aquifer types "lid aqullcrJt':pllu "bovc fnC'an 

sea 'cvcl betWttfl the monitori.c borehole and the pn)f.)uction borcholea. there IS no 

n:lalMlnltllp becwcen these hocThuks. therefore. the produclion boreholes are lkJC 

hclnJ!:monll~hylheub5,crvolillunhllfehtlle 



\CJ ~ In Tuopare. observation borehole number 438C 3 was driUed in a Oalland and 

screcnro throogh a wcalhtred granitic aquifer . 'Ibis borehole produces 18 I/min. of 

waler and has an aquifer Il1Ickne~s of 6 1 m and aquifer depth above mean sea level 

0(280.7 m . A production borehole: 438C 4 in Gud which 15 aoout 4 kill away from 

the obc;crvatloll burchulc in TU(lparc was also lhlllec.J in .. nal/and bul laps water fmlll 

.. w~: .. lhered greenstone aquifer. II PWt.lu\:('<; .. )' Icld of 18 "min. and has an OIqullcr 

thil.:krrss nf 6 m The ;aquifer depth above: mean sea level is 327 .0 m. The s.amc 

hydrogculogkal WIMhllllllS cool'" he perSISting at these two places despite the disLlIJcc 

hetween the boreholes. However. due to different values of aquifer depths above: 

mean sea level and different rock types, thcl~' exisl<, nu relationship betwC1:n them 

SevenoDscn'auunwelJsand fifly·scvenprooucllon borcholeswercstudted in 

Ihe Lawra district. Ob~rvation borehole number 4371{ 9 in D3bile was drilled 

lhrou~h a wc:alheroo )!.r.1l11lic Iquifer in a valley II has an aqulfC'r thick.nessof7 In. 

rile: .qulfer "'cplh a!love mean SCI level is 220.5 m . 11 produces Wiler at I nle 

of 22.S IJmin an'" has a HallslUlM.ivilY value of 12.8 m!/day Prudoclion borehole 

43711 17 lu~led ahllul hOO III from the observation borehule CI)(QUlllercl.I water Imm 

a weathered rock. .u.luller In ,rarnlc It Ills an aqUifer Ihickne$s of 6.1 m and yields 

waler al II rale uf (] 5 I' nlln The aquifer deplh above mean :;COl level is 272 .0 m. 

I;H'U Iht ... )!h the tWI! hort'hules lar "'OIlier ""111 Cill' ~ .UI\C I''l\. hpc Illn Ila'C' 

n=SUJlml! 10 110 ubvious hydraulic conneclion between them . Tlle:rdurc. IIIe: 

oh"c'n'''"{1l1borchoki.snotrcpttlCnll'tveQrtheproduc'ion~holc=sinceltdoesnll' 

muml,,' the hnreholessurroundintit. 
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UOlToole number " .171::. I is an obJc:ryallOn borchok in Valtluuri. It oblains 

waler from I weathered phyUiU: in a yaUey . It yields 21 Umin. of water and has an 

aquifer thn;kness of 6.1 m. The depth 10 lOp of the aquifer above mean sea level is 

241.0 ... 

Similarly. p,odlll.::11lJ1l hmchole 437E 2 in Vagluuri is aboul 600 m from 437E 

l. 11 prutJu/,;c=~ waler ill a rak: 01 I K I/min . from a wealherN phyllilk ;uluifcr in .. 

vaHey . II ha!'! an ~lufc:r tilldlk'" uf 6 .0 m .00 an ~uifcr depth aboVe mean sea level 

of 1.51.0 III 

Annlher pruduclion bmchoie 4171; 31 41150 siluatcti about 1'150 III frum Ihe: 

oo.'Cf'Valioo burehulc (4)7E I) WiI\ M:rec:nc:d IhroU!;h a Irat.:lurttl phyllile 3qt.llfer with 

qu;utz veins intruding the phyllile. but this borehole is located on a hillside and 

pnlduces a relJlively tow yiekl of 9 lImin. 

The aquifer Ihiekneu 159.3 In and aqud"ertkplh lelall\e 10 IIIC;III!>Ca level is 

260,0 m llJC h l14' yield of 11m burehule rna)' he Joe 10 its phy5iu~raphil.; loutiun . 

DuC' 10 Ihe different aquifer depths above mean 5Ca level and the different 

aquirer lyflCS (rom which tbe monito,.n~ and production borcho~ lap water , lhere 

c.\i~s no hydl'OlcologK:al relaliomhlp belwcen Ihc monilorin, borehole and 

pmluctionborchulesatYallUuri 

Five nWllilorin, bm dkltcs were established in 1hr Nadowli dil4rict , TIlne 

.... 'CII~ WCK ShKJ ied .. h>fll!'ii~..k Wllh 'Cvenly ·I .... ·o production borcholes in lhe districl 

Horehok number 4031> I i~ a monitori", borehole located It Fian. II obtains water 

(rom ill rr.Klurcd granitic aquir~ ill • n alland . II products water 411 a nee ur 4 .7 

The aqui'erdeplhabo\lc mean Ita level 



Apprm,llUillc:ly 700 m fflllll this tmser\'aUon burcho~ is • production ooreholc 4030 

4 also In Fmn. h is ~ilualctl on a hillside: and "blains water frum a weathered I!rallltM: 

.. quifer , It y~Jds 9.2 IImin uf water and has an Aqulfcr thickness n( 7 III . The 

aquifer depth above mcan sea level is 298 0 III The topographical locatiun of the 

production borehole is unfavourable. but il ha5 a higher Yield than the nhscrvallon 

ho~hulcduelothcpre~nceofalhickeraquifer. 

Because of the different aquifer types Ihrou~h which tI"lCK 1 .... ,rt'tKlle$ were 

S(;recnedandlhc(.h lfertnla~Ulferdcplhsabuvemeansea levelofbolhlheproductitln 

aoo monitorlllg borehole. there IS no hydrogeologll:al sllmlarit)' betwccn them. '11M: 

monilorin~ hurehole i~ nol representalive of lite production oorehole 

UOfchole nUlllher 4UOD 4 is Ihe only borehole Ihat is pumped ror domestic usc 

in biri. It also serves as a InOl1ltorill~ borehole in the vicinity 

Ifobtain.~ waler (111111 a wt!alhercd schist aquIfer and is located in a valley . II 

yieJus 27 IImin of waler alll.l has <lin aqUifer thickness of 9.2 m_ The depth 10 IDe lOp 

of <114ulfer <llbove mt4ln se<llievel is 288.9 m 

Produclinn borehoie number 400D 2 in Tlnll;tsil is Ibout 4000 m (4 km) .wly 

anu laps Wiler from I we:nheret.l greenstone "4uirer , It yields waler ;tt iI rate or 27 

I/mlll and ha .. an aquifer t1m:kncu of 12.0 m. !'lie "4uirer cJepth above mean sea 

HIC f:c:ulugy which l.!o ""porum in the 1ype III aqulrer cJcveloped and Ihe 

spacing between these two !1oreholes is 100 distant for an)· represemalLvenessdL)C.to 

Ihr localised Jl.1turt" of .a~ullc,~ in the region . The same values 01 Yield in these 

boreholes Inily he due III Ihc occurrence of fraclure: openings <lind quartz veins 

encountered during drillm~ <IInt.I possibly . the: deeper e,\tenls ur weathering In the 

dirfelcnt wd Iype~ . Ho\\'c\ct. Ihe rock types and Ihe a'lulfer deplhs ,,11(I\c mC<IIn sea 

level IIxhcOile Ihal the monll(lilng borehole and Ihe production borehole <lire nul 

reprcsenlillive o(cach ocher 

.l11c W. dislrK:1 has only 'Wo momtonRIl borchDleJ. These borehoks were 

stud~d with sixty lItree prodtJCtion borehofes In Gurungu. oho;ct\·,;UIIIII borehole 

•• ,mber 358 C J was dulled Ihrough a fractured quartz vein ,ranile on <II 'HUsick. 

II ytclds 90 I/min. or woller and has an aquifer IhM.:knesJ of 20 rn 
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A pruduction borehole 358(' 1 about 400 m away from 358C 3 I~ III .1 n.dland anti 

wa~ (.:umplc'ted through 3 wealhered IHanilic aquifer. The ~Ialie water level is 1.5111 

below ~ruuntl level whilst the observation borehole is a flowing artesian well It is 

ooviou!> that the!oC borehole .. are not reprc~nlativc since they tap water from dirfr:rt'1I1 

aquirerlYpes 

Gurungu is ahoof 55 km from the district capital Wa. and il i.s duutltful 

whether Ihis observatilln borehnle is monitoring 50IIle production boreholes in aoo 

O~rvation borehole nUllltlCr 40lG 6" IIKh IS lue.ued ill Wa prudu..:es twenty-

seven lures of Wiler. It obtainS waler from I!. weathered granite aquifer ill a nalland 

Pmduction bordlOle 40IG 9 al Jahan College is about 8S() m away from 401G 6. It 

was drilled in a natlantl and compleltd through a weathered granite aquifer. The yte"kS 

i~ 4.7 Ifmin . with an aljulrer tluckness of 6. I m. In Ihis situalinn. there (.\isls ,·cry 

lillie relationship between the Iwo horeholes, though the yields arc quite tlillcrcnl. 

Lhey havcthc§.iltnealjuiferthklmes.scs3'wJ were drilled thrnugh the salllC rock Iypes 

The high) acid in 11K. observ~lion borehole may he due 10 the presence of quartz vein 

tntrusiuns perslstmg in the \Ioeathrred aquifer~nd its thick. overburden. 

In the r(llegoing discus!.lun, the study ha" shown thai hydraulic l:Unneclions 

between boreholes in the reaioll dept:nds on Ihe: (op4.lgraphy in which Ihe borehole", 

~re .. itco . Ihe lock type in which the ~qutrer IS eocmJnlered, the e:~tem of fraClurtn~ 

alw.l weathering in the rocb. th,:ayu,fcrdepthsarnwcIIK"ansea 1c,·e!;tsweIlUlhc: 



The hydraulic link .. 110 are .. of innuence are limited in ~lrehole5 \\ III\:h are 100 

di~lnc apart antl I~ is mlllimum hydrogeulogical repr6Cnlltivcness in ~uc;h cucs 

""k:e.Hlullcr s)'stclIIsmerystallilll!tl, .. rnllnsarcliflliledantllocali~d innOiluTC , Even 

hnrch\lle~ locatcd ne .. readt othcreanexhihitlilrgedirrclcncL"S in horehole IJropertleo; 

The slul.hcs have indicaled Ihat there exists very linle hydrogeulo,M:al 

Id;tIIOn."IHP hctween monilUlin~ and production boreholes in the Icgiuli . II has been 

lIutC'd Ihat uhscrvalion hmcholcs localed about 150 m apilr( fmm ploouelioll 

boreholes and those with the ~;lIne elevalions and deplhs relative to mean sea Ic\'c! arc 

likely 10 rnonilor the perroml31Kc of the boreholes !'iurrounding il 

rile t:roondwalcr monitolln!! network seems ineffective due 10 the relalively 

small number of observation boreholes across the whole U.=glVll nM: uSC' ur 

PWUUClton borcholei &ll trlHllitonng bureholes in the: lIut1)' arta does 1I0t augur very 

well ror any me:ilnin!ful mmll1uring in 11)(: ~trlcteSi sense . Typical examples ciln be 

round in communities such as Pima. Tuopare. Zumara and Iziiri where there is only 

one borehole which serves boIh IS an ot.\Crvalion and produclion borehole ror a 

5Izcablcp...,ulalion. 



O;:QNCLl'~I.o;.;S AlW "Et:O~I~IE:-;Il.ATI9NS 

6.1 l:P~J,'SI()i'lS 

J!'oIfllhllds. UirUIII,11I }!Iccmlulk". ~hi~ls. "ud phyllilcs The MKklk: I'rcc;unbrian 

granitoids and the I 'pper Uirinwm ~ICCIIMOI)cS ocl.:upy ahout c:i~:ltly pen:cl1l of the 

study area The Luwer Ulrimian .;chis!.,. and phyllitc:s occupy fhe rest of the area. 

Structural rcalurc~ such u fractun:" tulds, faulls. joints. pegmatite!' and quartz vems 

.IfC\.(ll11mon Inthebasemc:nt rocks 

(iruundwaler in the region occurs witlun the ""('tburden ... wJ IIIlra1,;tu~s 

wilhllllhc hc."tIruck . l'hi' uccurn:~c: ,.r ~nlUoowalcr IS IIIIUIII ctllllrtlllnJ h)' the dCplh 

allcJ c:",,'111 or frat:lurmg and weallW:IJII~. the prc:sclk:c "I a lind uvc,hunJcn and the 

nUllleruus rral:lures. quauL:tlkl flC'gmalllc: vcmsthat infersectlhe overburden 

rhcwcalhcfedrockaquifcrwhK.:hisrracture·rclatcd.lhefracluredquanzvein 

:uvJfracluredunwe4itberedrockaqulfcrCypeshavebeenidcntifiedinlhcarca.lliJ 

WOf1hDOlincthat thescaqullertypcsarcrclaled.ndoccurinassodalionwilhquartz 

vein inIrU$;uRS. pct'ITl .. llles ;llkI .. rlites 

The: wetthcrcd uw.:k .. quiret .... hkh IS nollDllly lI~wn with qua"l veins aoo 

fra:tl,l!'CS i~ II.: tJUlnlll;lnt type: of aquifer in the regIOn found in the: observation ant.! 

productIOn bon:htllc~ 



.. ~c 
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About 5I.iIIly fivc percenl of the hlrlncr laps waler from rhe weathered 3111111n and 

'C\'Cnlttn pcn:ent ol"llain waler from rhe rracNred quartz ve in and rrxnu~ 

un\\"':,lhc:l'1:'drvckOlQulfersrespecll\,cly: whilsllOlhelaller,unlYlcnpercerugelwater 

(rulll lra(lurcd unwr;u~'led "4ulrt'r~. :I!'IcM.lI !>C\'cnly five perccm OO(ain water from 

,hc\localhcrcd rockaljullcrsaoo slxlccnpcrc.:enllilpwillerfruOl rt,c fracturcdquarll 

vein aljuifers. A signirICant number of Ihe horchules wert completed in the 

mOOcr.llc:1y weathered 10nes flf Ihe mOnitoring and protJucliun boreholes . 

Rainfall iSlhcmaillsourcct1rrechargc llI;tl.lullcrs IIIlh(' rc(!:iun . The mean 

annual ramlall IS ahout 900 mm hm it varies (rom year to yeMf and (rom place to 

Recharge 10 alju,fers are inlcnniucnl Jnd limittd because of the barrier 

norn1:lUy formed by the overlying clayey decomposed rock . Reduced rC'tharge h::t!'t 

Il«n .. ggravated by cattle overgr.lllng. poor fillnnln~ pr .. ctl~~ :mJ t.!clOIeM.ltlllll \\11/\ II 

expuse the land turlace 10 ,I\(.' mleme ;u1l.l \t:un:hing rdY' of the !iun. The abow 

faclOr:'; UlclUlJill~ exce~"lvc wlthdrdwal III waler fwm borc=hulc, accuuru for the 

declineofwlterlevebinlhestudyarca 

Ninety pert:ellC of the: boreholes have depths bclWI."e1l 10 m and SO m. 

Generally drcpcr wells are cOlnmon In natlarxh than in the vallcys and hill!'tideli 

Overburden thK:kncsscs cltcecding 15 marc I.:ommon in the observation and 

pruJu(uon borehoks with a mean value of 24 m 10 the formtr and a tncOin of 21 m 

in the lallcr . I'byllilC!'t were notet.! to have slm,lar 1II(3n Ib,cknt\..es of 362m and 36 

In 10 observation and production wells respectively I he geulul!Y of the study 1m 

IWIIJrt:illmnucrx:eonoverbunJenthKknes:s 



,,"uircrsan:slllalllllsJuallllmaycilu,isIO(vcinsoffrai.:luraJquilrllal)!J t1r 

Jc..'\.umrosaJ rocks up 10 about 30 m Ilw:k SomclIIlIcs thcy form .suilled pockeu in 

which the grouoowaler now is determined b)' the surface topography . Aquifers were 

noted 10 be thICker In flallands than in valle),!' 3.-.1 hillsides in .he $uld)' area 

Eighty fiyc perce"1 uf (he t'II.'fehulc'\ Yield :\0 lilrc!'hllluuh: ur Ie)) of water in 

Ihe ubscrv .. IKln and plVlluction wells There exisls large varialions in yields even wilh 

hurehoks lappin, WOller from tiM: gmc types of aquifcr . This rc:llCCls tlirrcrt"nc.·c~ III 

htlf'ehu/c pflJperl ics andsu!!t!csu a high degree of aqulft:r hClcr0itcllt:IIY III !he study 

arca . Reduced borehole yield,. in the reglon ean be allnbuled to siltaUon and screen 

clOlli~ (rom Ihe acculltulation of altered mtca pmdUt:IS mlhe boreholes. The decline 

(,(,\a.er leYel!' mlhe region can aiM) be a I.'ausc IIIlhe rcdut:llon of borehole ytelds 

makll1lllx:llorehule.lunablelo~alllaconljnu0ll5supply()fwater 

Tr;1I1SUIISSIYlIY values cOfltPUletJ from Coopcr·Jawb(1947) mclhod varied 

g~ally. The me .. n uan~nm'I\'Il)' oolalf'led (0(47 borehol~s te~l("d fur one hour j'll 35.2 

Wilter level nuclualmm In the re,ion are seasonal. Water leveb: risc in lhe 

rainy KUOn allll fall dUring the dry season. The lopography hl~ a i!feal Infiuencc on 

the depth 10 lop of aquifer in I~ an-;I In the "alleys and .reas adjac:ent to water 

bodies. the aquifer depth may be ncar the laoo surface. On the Oal landl. the aquifer 

der!!' Jenerally range from a rew meters to tens of ntclers ~nellh Iht surfa~'c 

IJowtwer on IlIlhlupcs. the aquirer may be at consMJerlbly ,real deJllh ... In ).!('ncral 

Ihtlkplb IVlhctoporthcpruduc,iwe: a4Ulrer follows and repIKol.esthc: loposraphy 



(icner.llly. COlnp3f1nJ;!. Ihe nlllnher uf obscrvatlull boreholes Itl prucJuctiun 

hurchulcs In [he: re~iun, the rc1:uively small number ~)f ohservation boreholes is nnl 

enough fOf any groundwaler momlonn!!: due 10 the fairly complex nalure III the 

geology even on I local 54.:ale Moreover. the u~ of one borehole to serve as a 

production well and an ob~rvatiun well in ",nile l"Ommunitie" , .. un~ujlJ.ble 

The oomberofpcofl'c per borehole has increasedt:uIISlt.lcrably infhcfla .. I and 

more willer IS abStral:lctJ lrom the burehules each day 1Il3klllj! it diffICult for the water 

demand!> to be lTlel mthe u:giull cspecially durin, Ihcl.ll)' seasons 

The prescnt stud)' uklk"lcs thai the hydrogeological rclal10nslup bel ween 

monitoring and production boreholes is fairly strong when lhey occur in silmlar 

geologic envirorunenlS and when the: distance between (he prnductUlIl and monitoring 

boreholes are short. The IctpOgraphy also ill:counlS for II~ representativeness of 

munltorin, wells in Ihe stUtly area. 

I:urther, indll:alllllU however show dl:lll. II is doubtful whether any meaninsful 

reiallonsillp between mUl1lltlflll~ and flrutiuction boreholes which are JocalN falll)C1' 

.. part from each ocher (ahoot 400 In and above from each otht!r can be cSlablishc:4.I), 

asnnCcd in abouccighcy pcn.:cmutthc 1lI0rlllorlOgb"rc:holcsandprut.luctlonboreholrs 

I'hisamoun1S fo vII1ually IIUle or no effective: [i!foundwIlCr mOnitoring netwot1c 

III 11M.' Ir:~ton 111 terml uf IMJl1'Ienc 3bundanc:c aOLl the ~palial lIistribution or the 

n'C' I,Huhlc h~'urauhl: Charal.:lcrl<:lh .. \ O'Cl ~h(ln di"ance~ ackl aquifer 

1 : ;, I·:r'·I'<· Iw.:rl~ III the n:Jion mates monllonnl! nOI In tht- immediare 11 ... llIIlle .. ,,1 

,'I'''I.'r~.III''" borehoks ,·cr.· limiled and Interference between aqulter, IS C1111l1ll1l!iC\J duc 



In Ihe OIbseoceufenough luoos, then the production boreholes can be used IS 

IUtlllllonng boreholes, but coniinUOUS waler level measuremclIIS need In be laken 

'The distances betwct'll moniloring aoo pr<xluclion boreholes surroundinll 

shook! 1l(J( elu,:ccd 400 m bastd (111 the fact Ihallhc aquifers 10 Ihe SIWY area arl' 

loclliscdandhclerogeneousinn:llurc l 'heellvironmcllli5dc5lroYI.."tiasarc5ullof 

hU5h·bumin~ and felling of Ircc5 in the region. Thuse praclict's .neel Ihe rainfall 

pallcrnand give flliC 10 high rales ofevapotranspirdllull hence reducinglhe recharge 

proce:t<:cS. Therctulc educallonal ~all1ralgns and laws should be pHllllul~aled 5(.1 thai 

Ihc~ rr"~lkese.n bemlOilUllcJ 

Redevelopment {If Ihe boreholes by air·lining has bten suggested as the only 

ren.oo)· tulacklelhelssueufreduccJborehnle)'lcldsinlhercglull. I>uringlhc: 

project. pcrtod;c rtdevelopmem of the boreholes was rccomment.led as part of the 

mainten:lnce operatiuns. However. lillie alieni ion W3\ ~ivell to this pert ur Ihe 

main(cnara:c rru~taml1lC' aoo ha~ Ic\ulted in the iK:t::umulallon of miea in Ih\" boreholes 

FilL"lIy. Ihere IsthenceJ 10 ensure Ihal there iSlnimprovemcnt in Ihcdala 

proceSSI",. archiving and diucminatlon of all hyurogeoloekal and hydrologICal dala, 

since ,rouoowater mrormalion in lhe region i1> inadequate . Govenuncnlal and non-

govcmm(lltal orgOlnir.allom m\'oh'cd in groundwaler studies in the region shook! co. 

urdinate Iheir uperalions OInd activili(.~ m order 10 provMie a b3"5 for the dcvelopmenl 

nf gruundwlLtrsupplies inlhc: re,!!:lOn 

AHcrnalC w .. ler supplies such as ram ""'iller h,U\'C\IIII~ 'IhoukJ be provided 

paniadarly in placn which are hydlUleolog~3l1y lIn'ilHlUrable (or groundwucr . 
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