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'l'tllttf rc¡ ltltll c Logs tttitrlc in \\ at(:r' rvclls ¿u c t¡cn(:t ally unsuititl)lc f'or tlrrr
tltllcltlliltitliott ol' ¡¡ttrtlltt'r'rnlrl ¡1rrrtlicnlc:r bccurrsc of' llrcnlr:tl (lislt,n l)lutccs lry rvalt:r.
llo\vs l)clwcctt itt¡trilcts llrlott¿ilr llrc rvt:ll. llorvcvcr', boilonr l)itlts ¡)l tlrc rvcll ttrc
tlstt¿tll! lìcc ol'srrelr irrrlut:r:rl rv;rtcr l'lorvs rultl tr:sults olrr¿ri¡lcil irt lltc ¡l.cscrrl rvol.k
slrrlrv flr¿tl fr:rrrpcnrlrrrt'nìtltsul(:lncllls lrt lllt: rvttll [rrlttonr c:rn lrc ol'rrsc irt cslitnittin!ì
¡'.collrclrrlrl lrtrttl llr¡r.'l lris nrctllotl , tlcrrorrrin;rlcrl llW'l'(trollorrr rvcll lclrr¡lcr.atrrrc) is
(lisrÌntiitlly silnilir¡ to tlrc lllI'l'rtrr:llrorl trscrl in l)clt.olcurtr in(lllsfry, (lrtl rrrui¡t
rlil'li:r'crrt:c bcillP llt;tt llrt'lltt'r'tttrrl Pro[rc i:- ¡rlucctl :rl t]re boiltlrrr rrl'tlrc u,t:ll lrrrtl not
sotìì(ì lllctLr¡s atltlvc it as is llìtì citsc itt lllt: l¿tllcr, l;t¡r'lltcnllolt:, ¡trccisiorr lrrrrl;rct:rrritt:y
of'lllt: (tlttt¡rctlttttrc tl¿tl;t is nrucl¡ lriglrcr tlrarr ll¡osc irr r'oulirì(ì llll'l'rrrcrrsul.cnì()nls
Itlttl ill lìì¡ltly citr;cs f':rr:ililit:s cxisl Iol rnlrking nìclsr¡rcllcnts lorr¿1 ll'rcr.tlrillirrg
cllslt¡tb¡tllt:t:sll¡tvctlictl oul.llvc¡lirrclrsc;rvlrc¡crnr:ltsurcnrcnlslr¿tvt:lt¡tlcnratlcsotlrr
Itllcl t:t:ss¡tliolr ol tlrrllirr¡i tlrc r¡rr;tlity irrrcl t¡rrirrrlrly rll lcrrr¡rcr:rlulc tlirllr llurt c¡t¡r lrc
tllrlitiltt'tt ¡rt:trltit tlclcrtltitt;tlitl¡l ()l loIrrlirli0rr lt.rrr¡lt:llrtrrr$; rvill¡ il ltiglr tlr.grcc 0l'
c:olllicltllcc. Sirtr¡rlc lltcorclit';tl tnorlcls rvcrc ¡lr:vtrlrr¡rc1l lìl con(r(ìlinl,, clrillirrg
tlisltrtlllttlt:cs itt sttt lr eltscs. l llc lt:sr¡lls tll'rrrotlcllirrp slrrtlirs sl¡orv llr¿rl llt(Ì [)()1(],¡t of'
llrt: rvcll leltlllti, l(, llrcrrrrrrl ct¡rrilillriunì nr()lc llr¡lrrlll lluut l)iul\ sllltrtl(Ì(l ll¡rcc 9r.
ruo¡t: rvcll (liiuu(:rrls lrlrovc il. An t:xlrrrr¡rlc .f ;r¡r¡rlit:irliorr ol llrc rnt:lllrlrl , rvillr
nì(:itsut(:ntclts ilr tt sll¡tllt)\v \\alct rvcll il, ttlso ¡lt.cscnlctl.

l'crlls tlt'lcllllì(lllltllil lt:il,l:l cltt ¡t()çr)l; ¡rt:r'ltrtil(l()t; l)lt|it ¡lr()rltr5:lìrl tle.r¡,.rr.r r.t(,, (:il¡
llltt¡t()s cltl;tls, i¡llìtlt't¡tt;ttlo:; ¡l.tt;t lt tlclerrrrirr;tçiìo tlt,¡inttlicrrlt:s p.(.()tr,t¡ric,ls, clcvirl¡
lì ¡rtcsctti:it tlt: ¡lrol'il¡tcttlo tlt:;r¡1rlr r() l)()ço. I trl nrtlvirncrrto ¡rotlc st:r irtrlrrzitlo r¡uirrr
tl0 tlois rrr¡uilt:ltls ¡s0llrtl0s \ti() it)l(Ìtli¡iirtl,rs llcltl l¡o\:o. A ¡xrrlc riltris ¡rroltrrrtlir rlcssirs
¡tctltttltçt)cs, tìo ctìlitttl(), tuio ['rr¿r nritirlriit tlo:; ctrsos;rlìtl:trl;t l)(]l ('s\(.llrrro rlc ri¿1rr;r
(', o l)lcst:lllc llltbitlllo ttì()slnt t¡ttc trtcrlirl;ts lcillts lro funclo ilos ¡ltlços ¡rtrtlt:ru st:r rrli-
liz;rtllts ttlt tlt:tcttttirtrtç:;io rlo Ilttlo ¡icot['r'nìi('o. () nti.totlo rlc;crrvolvitlo ú sc:lrrclltlrnlc
Ito ttli'lotlo tl:ts lcttt¡lt'trtlttrrts tlt'Ir¡lrtlo rlc ¡roç:tr (lllI l') trs;rrlo n:r in<li¡stlilr tlo ¡rclr.r'r
It:rt, ¡,1'¡¡111¡ rrnr:t tlits ¡rrirrci¡r;ris <lil't'rrrrtçits lt ¡r()srç;io cnì rluL: lu; l¡¡ctlitl¿rs tlt: lr:lnllclirfu
¡lt slt0 lcillts. No ¡llt:ttltlo llllI css¡rs nrctlrtlls ¡;l¡() lcll¿ts ¿ìl!Ì,ults; ntclros ¿tcillur tlo lr¡t
<lrt tlr¡ ¡,a,t,r,.lo l)ílss() t¡uc: ttcslc L'ilso () l(iltìa)iltclro ['¡t0sl() il() lunrlo. lr()¡.ot¡lltl ltt-
tlo, lt ptcc¡c¡io cltts tttctlitlits i', ttcslc citstl, ilrrrif0 ililrirlr'rlo r¡trt: lt tllrs lcrrr¡rcraftrftrs rlr:
frrn<ltl tlr: Iìoço c ¡rlúllr <lisstl, c:llr trl¡turrs ('¿tso\ ir lrtlssivcl l';rzcr-sc ttssits lrrctlitl¿rs (ì()t.n ()
¡)()ço clìl t:r¡Llilitllitl lúllltictl t:otll ¡t toclut. No e¿rso (ìnt (luc us llrctlitl¿rs tlc lcrrr¡rcrtrlrrrir
srio lcil¡rs I'ollt rltl ct¡rrilillri,r lti¡.rrrit:,1, ir (lu¿ulli(lít(l(: c íì (lultlirl¡r(lc tlos tlittlos ¡lcrruitc
t¡ ttc sc tlclt t ttl i llc it lctttl)ct ¿tl ttl ¿t tlt: t oclrlr co¡ll lrotr ¡rr t:t:rsiir) tlcsclc t¡uc st: tlis¡lorrlur tlc
Itttltlt:lOs l)itllt cxlt'ttl)()l;tt cssrt lcnìl)r'r'lrlurr rr ¡lutil tlls rrrccllrl:rs. Nt::jlrt ll¿rtr¿rllro loi
tlcscttvolvitlo t¡lrt I¡totlclo srnr¡rlc'r ¡rirr:r rr tlt'lt'r'rrrirr:rq';to (lir l(.nìl)cr:tluríì (llt toclur.()s
Icsttlllttltls rll¡litltls c()ltt cssc nto<lr:lo nì()iiltiun (luc rìo I't¡lltlo rlo l)()(o () t(:l()nt{) il()
c(ltlilit)l lo ti't tltit'rl i rrrltis ni¡ritlo tlo t¡ttt' lr r¡r¡¡l tlistirrci;r irt:ilulr rltl l r¡lrclç cr¡¡iv¡¡lt:trltt lt
It('s ott tn¡ris rliîntctr()i (l() l)()ç(). [.lrrr cxttrrr¡llo tlc lr¡rliclrl::io rlo r¡lúlotlo i..r¡rrcst:rrl;trlo.

('l'r rrrluzitlo pcl;r l(evrslu)

IN',t'ROt)tJ(;'t'toN

'I'lrc lirlgc Ilt¡tltht'r ol rvatr:r rvclls rrol lrr:tllv lìrt¡r¡rl in
setlirncnlary llttsi¡ts rrrakcs uilrlclivc llrcir r¡sc ilt tlrc
cstinutlion ol lt.ncsllial lrc¿rl llrlrv rlclrsrlit:s. I'lrclc luc
ll(twcvt:r, st'r'cllrl lìtohl('ltr\ ilr Iltt' r¡st, rtl rvlrlt.l rvclls
drillcrl in sctlilnc¡ltury basilrs in gcotlrcnnul slrrtlics.

lhc l)t(:sc¡tcc of walcl lltlws ilr ut¡uilcrs f o¡'

ill\llt¡rcc, (()nsltlill(rs ir lìcltl Il:rnsfcr llrcclüillislil rvltielr is
ttt r¡t ll lrror c cl l ccl ivc l lntrr t:onclrrcf iorr trrrtl, l t:clisl l ibtrtcs
llrc lrcrrt llou in tlrc blrsin. l)on:rlrls<llt (1962), llrs r:olr
sitlcrctl tltc cllì.ct ol rvirlcr ntov(.nì(,nl i¡r tlrc rctlistli
llr¡liolt ol lrclrl f lou. \,llr jororvicz t.l :rl. (l9ll5) irntl
Mujororvicz cl ¡rl. ( l9l{(r) lurvt: irrtcr ¡rrctctl thc r':rrrlrllililt'
ol llclrl Ilorv tlc¡lsil¡t:s irr ('ir¡tlrilillr scrlinrt.lrl¿rry birsirrs irr
lcr¡rr:; ol glorrrrtlrvlrlt.r Ilorv cllccls. Silrtc ltitnsl)orI
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constitulcs ¡tn irrrl)()rliutt llcitl ltíilìsf'cr rtrccltitlltsttt, it

corrcct (rvallr¿tli()rl ol hc¿tt l-lorv ilt scclitrtctttltt y bltsitts

wortlcl ottly bc ¡lossiblc il watcr llorv lvctc cttltl¡llclcly

k¡rowtt. 'l ltc t:otlcliliott stalctl ¿thovc is t'itrcly lìttrrttl itlrtl

irr gcrtcral ortly llrc cotttlrtt:tivc c()l¡ll)()l)ctìl ol tltc ltcal

llou' (q) catt bc cvitlttatccl.
W¡tlcrs rvclls irr sctlitrtcttlltly ll¡tsitts ltt t: itl gcrlct al

slrallow. I'his l¡ct ctlttslitt¡tcs ltlr ¡rdclitiotritl tlifficrrlty
sirtcc ltcat florv arlitll'sis ltlaclc ilt tlrcsc wclls clttt ¡ltovirlc
irrfìrrrnltiott tlrrly ol tltc rt¡l¡lcr ¡litrt rll llttl scditrtcltt¡ty

b¿rsin. Altlrotrßlì il iti ¡lossiblt: ill sotttc citses t() h¡rvc lrrll

lcrììl)cratulc logs ttritdc witll llrc rvcll irr tlrclrtlal cc¡rli

librirrrrr corttlitiotts u'itll lhc lorlttatitltl, lltt: ttsc ol'tllcsc
Iogs atc tlil'licrrlt fìrt trvo I(:its()lts. Irilst il tll(: $'cll etrts

¡rcrrncrttllc littllt¿tlitllts, rvlliclr is ¡l'uv¡tYs lltc cast: itt tv¿tlct

wr:lls, tllc tcttt¡:rt:rltlttrt: prolilc is ltllt:t:tcrl by rvalct llorv

i¡r tltc lìrr¡tt¿tliort. '['llt: l]r(:sclìcc ol' l'ol ltlitliolì tu',1.'¡ llorv

rlistorts tlt(: lr:tìtl)crítlttrt: tlisltibttlirlrr rvitlr tlcptlt ¡tttcl tltc

contlut'lir.t: llctrl llorv v:trics llttt¡t ¡loitll to Í)oillt ilì tllc
rvr:ll, Nlitnsttt't: & Rtlilt:t (11)79) ¡tlt:scrttctl ¿t cortcctitllt tor
llcrt Ilrlw itt lltc: cltsc lltitl tllclc cxists a (ì()¡ìsl¡lllt vcrtit:ltl

grorrrtrlrvittct tttovclllc¡ll. 'l'lris nroclcl lttlrvcvcl is vcty

sirtr¡rlt'rttttl ttttty ll()t corrcsl)()tltl lo tltost citscs lll¿ll c¡lll

[rt: lilruttl itl sctlirttc¡tl;tfy basirrs.'l'lrc secoltcl ¡rroblclrr
()(ìcuri rvltc¡r lllr: rvcll ctrts lw() ()l llìorc l)crlllcittllt: layt:rs

scl)¿tralc(l try irtt¡lt:t virlrls strittit. Wlrc¡l lllis sittlltticlrt is
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tirrrnd, it is ¡rossiblc lh¡tl tlrc two itqrrilcrs cxchattgc

wltcr sitlcc thc hyclrttrlic Itcacl itt lltc¡ll is, irt gcncral,

tlillì:rcnt. 'l'llis sitrrati()rr is schcrrrutir:irlly slltlwlt irl lri¡1.

l. llt:r:kcl ct ¿rt. (11)8.1¿r)¿rtttl IJcckcr ct ll. (11)tl3b) a¡talys-

irrg tlcc¡r oct:altitl t:rrtstitl Lll:olhcrlll¿ll Illcast¡Iclltctlts'

llirvc fìlutttl a sirrril¡l'sittlílli()tt ill a wcll tltat t:rossccl

irtt¡rt:rvious st:tlittlcltlltt y lltycrs atttl Icaclrctl a highly

l)ct.n)c¿ìl)l(: blrscrilcnl. I hcy lt¿tlc rrsccl lltc lcttt¡rctitlttttr

¡rrolik: ltl ttr'¿tltt¿ttt: tltc rvitlcr llorv inlo tltc ¡lctttrcablcr

[l;tsc¡ucnt. Sotttt: u ¿ltcr rvclls ol' Ilrc -l'ltrb¿tf i' Sctlirrtclntitry

IlilsiD, Sorrtll citsl llr:lzil l)lcs(ìlìl lltcrrrtltl c(lllilibtit¡lìì

¡trolilcs (1ri¡:. 2) lll¿tl ¿trc l)r'()l)ltt)ly ¡tllct:ttr<l by botlr

rlisttrrbirt¡1 cll'ccts ol witlcr f lo\r'.
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Sçlrcnr¡tlir rcl)rc:ict¡lirlr(,tl lrl trvtt itt¡ttilcti Â ¡rlttl ll rvlliclr

cxcltirtt¡¿r'rritlct llttrttt¡llt llre wt ll, llt tlte tt¡r¡'ct ¡ritt l ol tltts

li¡r,ttrc, ;tt¡ttilct ll lt¡t" it l)lt/olrlclll( l(v(l lllSll(:l lllillr
ir(luilrr lì ltits rt ¡rit'zotttclt ic lcvel lriglrcr tlt;ttl at¡ttilì't A ltr

llrc lì0ll()r¡r pilll llr(' rt¡r¡tt,rilc is ltttc.

l ( iltlr('rrltllc ¡I0ltlc ilt ;t rvl¡lel $cll ill tlìc ( r)llllll\ ()l

l.,rrcnir. lirtrlritli S,rllrlleltl:tlv Il¡t';ill S0ttllttilsl llll¿ll,

I lr| irrp|rt rrl lltts lctrrl,(lirlrll(: ¡rlolilc, wrllt itltttosl

i\(rllr.-'r ilil( illl( l \ ill\, \rl!l¡csl\ I llill !v,llcl creltitlt¿t' i"

or't uti:r¡ llttott¡1lt lltt rrlll.
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Irr Íhc ¡rlc;cnt I)lrl)cr, il nrclltorl lol cstitrurlittg lltc
corrrlt¡t'tivc c()nll)orìcnl ol ltc¿tt l'ltlrv tlctt:;il1' ttsin¡¡

lcnrl)(:litltr'(Ì rìì('itsur'(:nr(:nts itt slt¡tllrlrv wítt(Ìr' rvclls is

l)tcscnlc(|. 'l ltc ilì(lll()(l is t:sscrtliilllv llrc tl;tssicltl
tlrcrnurl rcsisliutcc nrcllr()(1, ¡rrrl lttr'rvltttl lry llulllltl
(11).19) btrl rrscs u sirr¡llc tcnrl)('nrturc rncirsurcrrrcnt i¡r tlrc
l)()ll(lrìì ot lllc rvt:ll. 'l llc tlrclnlirl corrtluclivitics ol' llrc
st'rlirrrt:rrls iu(Ì rÌr(Ìttsurc(l on llì(: tllillirrg cÌrlling)r, r(Ì(ìov(ìr-

ctl tlrrt itt¡i rlr illirrg irt clt,scly r¡rrcctl iltlcr vrtls.

ll tltt lcrrr¡lt:r:llur(l nì('¿lsilr('n)('rÌliì irì lll(: l)oltonr ol
llrc: rvcll lrt: nrirtlc s()()rt itllr'r tlr ¡llirrg, lttrtl eotrstrt¡tttrttlly
l¡u lrorrr lrcirrll llrc c(ltrilil)rirrrrr v;rlrrcs, it is rrcccssury to
(:orrccl llrc oblrrittcrl vrrlrtcs lìl drillirrg tlislrrrb:urccs. lrr

llris ¡l;t¡lcr :t rint¡rlc rttorlt'l lo c()rt('cl l(Ìntl)(:t¿rlur('
nr(:lrsurcnr('rìls trttrlr rrt lltc [lolto¡u tll (llt w(.:ll rs l)r(:scnl-
cil . l'lrt tuctlrtlrl is siruilru to lvlitlrllcton':, (197')) ¡nctlrorl
lììr'(:otrcclitt¡l llll l'rttclrsrrlcnlcllls [rr¡1, il trrkcs irr con
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sirlr:nrliott llr(: l)tc:ijcnL:c ol llrc boltonl ol thc rvcll. lt is

nLrccssitry t() c()¡rsiclcl tlrc c¡rrl cl'fccl 0f tlrc wt:ll t)otl()tìì
sirrct'lllc lhcrnlrl ¡rrobc irr lhi\ l(:clìtìi(lut: is ¡rlacctl at tlrr:
bollorrr iì¡r(l nol sr)rììc rrìcl(:rs alrovt: rl ir.s is tlrc c¿rsc ilr
lll l'l nrtlrsrrr(:nrcrlls (lri¡1. 1).

'llrt: nt:t:t:ssrly lrl titkc intrl r.:rl¡tsitlclllion clrrl cl'lccts
lirnils llrc ¡rossilrility rrl obtairrirr¡i arnrlyticrrl nlorlt:ls llrrrt

¡1ivc u bcltcr tr:prcscrrlaliorr ol' tlrc l c;rl silu¡rtiorr irr tltc
bollonr ol f lrc utcll, likc tltost: ¡rrt:scrrtt:rl lly Slrcrr & lÌcrk
(lt)l{6) lìrr (ì()n('(ìtltg lllIl tlrrltr . ()lr tlrt: otlrcr lurrrd, ;r

lÌl(lill(t¡ tlttt¡lllr:t (ll tclllllclittutc rlrL:asutcrtlcnls c¡lrì l)(:
rrurrlc irr llrc cusc ol rvrrlcr rvclls ¿rrrrl llìc ¡r'tcitsutcnt(:nt

¡rrccisirirr ri llrcillcr il ¿t lht:r¡rrislt)t l)t()l)(ì is usctl.

I)l,lscRIl)'iloN ()t,''uI¡,, Mt,t't It()t)

l'lris nlt:t lrorl ol' lrt:¿rl f lorv tlt:rrsitv <lt:tcl lrrirritt ior¡ irr
rr,;ttt:¡ rvt:lls is t:sst:rtlilrllv lrrt lr¡r¡rlittrliol¡ ol lltc lltct rl;rl
rt:sisllr¡rcc rncllrocl tlcvclopcrl bv llull:rlrl ( l9l9). lt
rrtilizcs orrly orrr: l('nìl)('ritlur() rrrctrsrrlclltr:rr( in lllr:
lrollt¡r¡t,tt tt,., rvr:ll, ilt ir sir¡rilrrl rvly tlrl( lìll'l'rrrcusurc
ilrcill\ itr(' iltlrtlt' irr tlil rrt'llr, lrill llrc lt'lllnt'r';rluIt' rlt'lct-
nr¡n:rlion is rluclr nìorr: lrlc('¡s(:. l¡t rvalrrr *clls, it ls

sontclintr:s ¡lossiblc lrl olllltilr l corrr¡rlclc lcltl)cntturc
¡rrolilr: ¡ulrrlc rvrtlr tlrc u,cll irr tlrcrrrr:rl ct¡trilibliurrr rvitlr
llrc Iock. lrr llri:; cltsc ulllrorr¡ilt tlrc tcrrr¡rcritlrlrc l)r()lilc
clul bc rli:,tollt:rl lry lryrlrrrrlit: l:rt:lors, llrc lcrn¡rrllitltrrt:
irl llrr' rvr'll lrollonl is rvcll tlt:lcrnllrrcrl. At tlrc rvcll
l)()ll()nr, llrt' tcrn¡rr:rirlurc clur lrc lrl lcclctl lrv tlrclllurl
tli';lr¡rlrluttr::; rlrrc lo llc:lrl lnur,l)orl i¡r tlrc lìl¡¡r;rtiorr btrt,
irt ¡icrre lal, il is llcc ol tlistrrt blrnccs in(lucc(l b1' wirtcr
Ilorv tltrotr¿1lr llrc rvcll.

Irt lllc c;rsc tll w¡tlcr' \vcll rvlricll rs irr lhcl ru¡tl
cr¡rrilibrirrrrr w'illl llrc ¡ock, tlrc itl)l)íucnt to¡rrlr¡r:livc lrclrf

flrlrv <lcttsrly (ìiut t)c sirrr¡rly cstiltt;rtr:rl lly tltt: Icllliort

.. lt¡ 'l'.'

" --R 
(r)

wlrerc'l lJ is tlrc tcilll)cnlturc ut tlrc w'cll b()tt0rD,'1.¡ is

lltr: ¡ttcln sr¡rlar:c lcln¡)cralllrc. lt is thr: tot¿tl fltcrnral
rcsistancc rlclirrcrl by

(2)
Ki

l¡, K¡, lrr:irrg, tlrc tlrick¡¡csscs and lhcrnl¡rl crrrrtlrrctivitics
rll lllc scrlirttcnllry lrrycrs hclwcclr srrrl'ltt'c:ur(l llìc wcll
llotto¡rr. 'l'lrc tcrnr "ír¡r¡ltrcnt llcitt llow (lcrìsilv" is usccl

Itcrc to slrcss lh¿tt il is r:alcr¡lltctl r¡ntlt:r tlrc as.surn¡rlion
of rrcgligiblc w¿rlcl r¡ì()vcnle¡¡( i¡r tl¡c lonrìlli()tì. ln llrc
l)rcs('tì('c ()f walcr nr(ìvcilrclrl llrc cotttlt¡t livt' ltcrtl f lrlw
vllies as a lrrt¡clio¡r of s¡-xrcc. ()rrly llrc lotul lrc¡t Ilou,,
rvlrir:ll is tlrc srrr¡r ol conrlrrctioll ¡tn(l lnrnsl)()rl cornp()ncntri,
is cortsllutl wltcn llrc syslcnr is irt stcudy st¡ttc untl hc¡¡l
protluctiott is rrcgli¡Eihlc. lrr s¡rilc ol lltis llrrril¡rlion,
c(lua(i()n I c¿r¡r llc rrsctl irs lrrr c:;tirn¿rlio¡r rrl llrc
conclucl vc ('orìrl)()ncrrl ol llrc hc¡rl llorv rlcrrsity.
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| / malarJ
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l)rllc¡c¡rcc ilr lllc l()e:rllon ('l llrc llrcrnr;rl ¡rr0lrc lrclrvctn
tlrc lll I I t¡ttllrotl rrnrl llrl rt,'llrorl I'r(l|lr)\c(l itt lltrs ¡rit¡tct.

l'lgurt .l



Ilo tle;tl llow Int',)sttI(,tttt'ttls ttt w;tlt:¡ wt'lls

Altlrorrglr it is so¡llclillt(:s ¡t()s)iil)lc lo Illilhc lt'llll)c-
nrlulc nt(:iìslu'cnìcnlri t¡r rvillct rr','lls rvlticll;trc itl lltcrlllitl
ct¡rrilitlirrrn rvilll lltc roek, il is lrc(ltt('lll lll;tt st¡cll

nrc¡l);utclnclr(s luc tlllly ¡tossrltlt: s,rolt ltltct lllt'ctltl rll
<lrillrrrg illrrrl ci|ct¡lltli0tr, lltltt l¡tt:¿ttts itlllltt:tli.rtclv ltltcr
tlrt: rlrilling ¡rctivity. l¡r tlris siltt¿tlttl¡t, il is ttcccssttr y ttr
cxlrlr¡lollttt: llrt: ct¡rrilitrtittrrr lotllt¡tliotl l(ìrìll)(Ìlilllllc
lro¡rr rrrclsurcnt(:nl\ tttrttlt'¡tl tltc lrollot¡l ol tlrc rvcll.
'l lris i:; tltc slunc sltt¡rtliolt I'rlt¡tttl r¡t l(:tttpcttlltllc
rìì(ìiìsur(Ìnl(ÌrÌts rlì:rtlc irt tlcc¡r,ril rvclls. llì olll r:ilst:,

Irorvcvcr, it is ¡'tlssitllt: ltl ¡ttitkt: ¿t :;crics ()l lctlllltrtilltll(Ì
¡ìrc;rrìurcnrcilts rvitlr ;r closc til¡lt' ittlt:tVltl l()l scvcl'lll

Ir,rr¡r's, rvilltrlrtl ltitvittg l() rcrllovc tllc tllcr tttitl ¡lt ttbc

lronr tlrc: rvt'll. lit¡rlltt'tlttolt:, tllt' lctrll)ù¡illttl('
¡rìcir:iilr'crìlc¡lls lrrc rilirrlc rVitlr it lllt:l llli:;lot tltc¡ tlrltl

¡lltttrt: rvltit:lt ¡tllorvr, ir lrtcirlcl ¡rtccrsiotl. Altolllcr
rlrflcrcrtcc [)L:t\\r('rì llttt r:ttttvt:ltliortlrl l]l l l ttlctltotl ll¡ttl
llris lcclutit¡trc, rvlliclr lìr' tlltt l)trt l)os( tll'rlrl'lt'rcrrli;rlttt¡l
l'roril tllt'Prcvior¡s ottc u'ill lrt: r'¡tlltttl l)()llolìì \\1(:ll

lcnll)cllturc (llW l ) tttt:llttttl, is tlr:rl llrc lltcr'¡ltitl protrc is

¡rlirt:crl rrl tlrc rvcll lrotlottt ittttl ttrtl ()tì(ì lo l(:tì ttì('l(Ìts
lrllovt: it (l'ig. l). Ar; tr tottsc(lucttcc, llle tllt'r'rll¿tl

ct¡rrililrr'itrrrr r('('(l\/('r'is,:rs rvill lrt'çootì (l('tttott\ltitl('(1,
l'rrslt'r tltart irt ll¡c litsl crtst:.

'llrc lotrttiolt ol lltc tlrttrttltl ¡ltttllr: ttl tllc rvcll
l)()llorìr lt¿ts, lrorvcvct, rttt ittcottvctucttr,:rr. llttt tt:t:ltttit¡ttcs

rrstrrl Iol trxlr:t¡rol;tlion ol lltc ct¡ttilitrrittrtr lcttìl)ltillttl('
lro¡rr Illl I irssttt¡ltr ltrt itrlirrilt cylirrtlricltl r;yttttttctty,
sirrct: in lllrrl siltuttion, lllc ltcirl lltlrv is (ìss(ìttli¿tll\ r'¡rtli;rl.

I¡r lltc r'¿tst: of'llW'l'nlt:lltotl , lltc ¡rtt,.xitrrity ol lltt: rvt:ll

[)()ll(]nr i¡¡r'rrlirllri s lltis :t:;:'ttlrt¡lliott.
A t¡rritc sirrt¡rlc ttt,ltlttl ltlt t:xlttt¡rolitliotl ttl ctltti'

lilllirrrrr rot:k lt'rrr¡rcr;rlttrc lt()¡rr tcllll)ctil(lll(Ì llì(:ilslllc
rrrcttls tturtlt: rì(:iu llì(: rvcll lrrltlorrr u'rts tlcvclo¡lctl lìrlltlrv-
irrg I\litltlletrrrt (197()). ll¡is ¡ltt:llrotl ir; lr;tsctl olt lltc
solrrlion ol llrc ltcltt coltrlttclttltt ct¡ttttlitttt

¿ ),1 ¿l ''l
i) y'

a )'l
í) t.'

cllcrl ()vcr tltt' ct¡ttilrltlrrllìl lcc('\rtl)' llì lls l)t()xllllltlcs
¡\1r,. tlrc tturl,,'tittltl s.lttli'tts l)lcs('lllr:(l llv l.rrllcslri
(l9l{.ì) L:rrrr nol lrc ir¡r¡rlictl ltt ottt ¡rtotrlcllì. 'l lìis Íltrlll()r
rr¡r¡rroxrrrrirlt'tl tltt' vctllt¡tl l(:llìl)crilltllc litlttltt:ltl llv
rrrsrrrtrirtli llrtl llrc lto¡izo¡tt,tl ¡rllrtt lltt'ottgll lllc ltolc

bottorrr is lrclrl lirctl lrt rlrc ct¡rrilitrr ittttt lt:ttt¡lt:rltlttrc.
Itt lltis ¡Ìt¡rcr, lltc ltottro¡iclì,.'tltls lttoclt:l is ttst:tl r;iltcc

llrc irtclLrsi0¡t ()l llì(tttìì;tl ¡rro¡rcttic:' c()lllllÌsl rvtlttltl lt:ittl
Io rr t:rt¡¡lplcr lrttitll,tirrltl stllt¡liotl. \\'c lt¡tvc cll,tsclt ttr

sirc¡ ilictr tltt: llltlrlcl ¡rlccisiott ill (il(l(ìl lo kt:t:¡l ils
sirrr¡rlicrty.

l lrc irritilrl contliliotts lt¡r¡llit:tl ltt t:<¡tt:tlirtlt (.ì) lrlc
tlrirl lt lltt: cntl ol tlrillirrg lttrttl citctrlittioll (l ()) lllt:
tcnrl)cr;rtt¡rc i¡lsitlr: llrt rvt:ll ('1,,,) is et'ttsllt¡rt. 'l ltc
lcnì¡rcIillurc iil tllt'stlrUr0iltltli¡1.u, tltr:tlittrtt, itl I (), is

Irorrrogt:nt'tlrrs tlr;rt cr¡ulrl lrr'l l. IVlulltcrlrltirltlly, llti:; r.:tttl

Irt cxlltr'sst'tl ll\
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lìll ¡r surri-irrlinitc cllirrtllicirl rvcll cttr¡rlitr:t:tl itt i¡ ltrtt¡to-

l'.1ìnr'()us ¡lìrl(litllì1. Il is stt¡l¡rosccl tltlrl tltcrc ls llo c()llllllsl
l)ctwcLrlt llrr: tlrt:l rilill ¡rIo¡lt:r'lit:s ()l lltt' rvcll f'luitl ¿uttl tltc
sorrrrourr<lirrg rrrcrlirrrrr. l.cblit¡rc ct ll. (l()t'll) itlgtttrtl lltitt
tlris rttr¡tlcl lir¡ritirtio¡r, i¡l tltc cit:;c of tt rtcll 'uvillr irrli¡rilc
t'vlintlrit:rrl svuìrìì('tr'\', lt:ts lto ¡lt;tclic;tl ittt¡rotlrtttct'il lt

tlrclnml rlillrrsivity I)r()l)(ìt lo llrr: tlrilling llrritl is ttsctl.

l,r¡hcshi (l9lì.ì) rrnrl Slrcrr Ilcck (11)H(r) ltorvt:v(t', lìítv(:

slrorvn llrirt llrr: tlrt'r rrr¿rl <liflrrsivity c()nlr.rsl lrirs ir sillrrili-
t'rrrrl inllucn, (' {lrì llì(' r'('('()v('r'v rll' tltt' trlt'k c,¡rrililrlirrrtr
l('nrl)clulutc llllekrvcll (11)-5.1 , l()5,1, l()56) ¡rrcst'rttctl
rrrrirlylicirl soluliorts ol ct¡tutliotr (.ì), irr tlrt lìt(:s(ìtì(ì(ì ol'

llrr:r¡rurl l)r()l)(Ìrlit'st:onlritsl l)cl\\/(:(Ìn llrt:cylirrtlcr lttttl lltc
:;rrrtotttttlitt¡i nrctlitttn, in tttrlct lo qr,¡¡11¡¡¡1.' lltc rtri:tl llt';tl
llow crrot ilr rucrrstttcnrcnls tn.ttlt'trv lltc cotttluctivily
¡rr.olrt: rrrt:llrotl. Ilis lcsrrlls tlrr:rlso lrt rr¡r¡rlictl itr tlrc
cvlrlr¡ttlio¡t ol lltc rlistlttt(l Ir()rtt lltc ltrrlt'l)(rll(rrtl llct'otttl
r|lriclr, il:; lcnrl)ütlrllttc (:rì\'()lVct; it:, irt :Út ilrlilrilt:
cvli¡rrlt''. Ilttrvcvcr, lltc licottrcllrclrl Irto,,lt'ls lrtlo¡rlttl lry
llllrtkirr'll.lul rro{ lre rrscrl i¡l cvlrlrr.rlirtli llrc lrolt'l)()ll()nr

'l lì('( oor (lirìirl(' \y\l('nl :ttlo¡rlt'tl is rllotvtl rrl liil' .l I llt'sc
irriti:rl torrtlitrorrs irrr¡rly tlrlrt tlrc rvcll is i¡lstrr¡rtrrrrcorrsly
irrlrorlut:t'rl irr llrc rrrcrlrrrll. 'l'llis is, irr I'lrct, ir slr'()n['.

lirttitl¡lion ()l llr(Ì rìro(lcl. ltr ¡lrrclit:t:, tlttr rlr illirrg llrritl is
nrlrirtltincrl ìrt eilttrlrtlirlì \('\/cnìl llrrttt'r ltllcr tlrillrrtrl,
lrrrtl tlrc lrrnrurtlo¡¡ tcnrl)crirture nc¡u tlrc rvcll is srLl¡rilir:-

rrrrll¡ ;rllct:tr:tl (l,ulrcshi, l!)lì.ì; Shcrr & Ilcck, l1)lì6).'l'lrc
cl lctt ol rttrt llkin¡1 irtto t:ottsitlt'rirli()n lltc lirtitc
cilcttllrf iott trtrrc; i;, lt:; Sltt'tt & llt:rk tl()l{6) lr:tvtr :;ltos'lt
lol lltc c;ìsc ol irrlillitc uvllrttlricltl sylìllìlcll\/, l()

untlt'r't':,linrirl('tltc rot:k t'r¡ttilrlrrirrrtr tcttt¡lcr;tltttt, il lltc
lcntl)clitlutc utcitsul('ntcnts rrtc tlìittl,' rrt :'llt¡tll sllttl.irr
linlt:r;. I ol Iorrg slrr¡t-irr litrtc:;, llrc tlrillrrltt ¡ttt¡tl
tirt:t¡llrliorr lut. littlt: t:llt:r:l ol rì()( trrkirr¡l illltt
c()rìsr(lL:r irl itlrr tlrc l i¡titc cir ctrllrl rorì l(:rìll)rl,rl t¡t c.

'l llt: stllrrt¡tln ol cr¡rutliorr (:ì) rvitlr tlrt' irritiirl
eo¡rtlitions (.1), ulrrr lrc olrtlri¡rctl lry Iìrllrrrvi¡rll ('irrsl¡rrv &
,l;rcgr:r' (1959), rrntl is givcrr by
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ln tlri., r'(lltirli()rr r.'r'l (r)rlcltolcs llrc r'ttot lt¡ntliotr,
ll t:ttt lrc :ccn llutl ('{luirli()n (5) col tc,l)r)tt(ls l(} lltc

:,oltrlir'¡r lor rtrt inlitritt' r'r'litrLlt'r r'nll)l:rr'c(l itrtlulllt
trt'otr:,1¡' rr lr lronrol'r'n('()r:, ntt'rltur¡t rrrrrltillli,-'tl llr ;r

l;rr'l()t
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'l'lris itn¡rlics thirt thc rcc()vcry ol'cr¡rrilibrru¡n lcnll)cra-
trrlc is l'aslct rì(:ar tlìc wcll btlttorrr.by a nurxirrrrrru f'aclo¡'
ol' lwo. C)ll llrc r:ylirtclr:r txis cquation (5) rc<lrrr.:t:s lo

t2t

It is tr¡r¡xrrcnt lrotìì llrt:sc Iigurcs tlìal trc¿tr tlrc wcll
bollonr is, thr: rclrtnì to lhcrrrral cquilillriurn ()ccrtrs
f irstcr. liu¡ tltcr¡rrotù, corrr¡rlrison bctwccn thcsc fi¡¡uros
sltorvs f ltat tlrc rccovcry of'cqrrilibrirrr'¡t tcl¡tpcratlrre is
l'itstcr rtc¡r tlrc wcll rvall.

'l'o cxlla¡tolittc tltc r:quilitrriunt rock lcrn¡rcraturc
lror¡t a scrics ol'lclll)cralrrrc nì(:¡lsurctìì(:tìts r¡radc at tlrc
rvcll bottonl, lhc l¡rcirsrlrctl <lata llW'l' (t¡) is a<t.lustcd to
llrc lcl:rt iorr

llW'l-(t¡) 'l'1't Arp¡
(7)
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Irr¡rrililrrirrrrr lclnl)crirlurc tccovcry cutvc, eitl(ltliìtc(l Ij()nì
r:tilrillio¡r (,5), irl tlìc (clìtct ol tlrc wcll arrtl lo¡ tlillcrcrrt
clisl¡r¡rtcs (z) llont tlrc wcll b(,ilont.(l is tlrc rclalivt:
lcilrl)c¡¿llÛrc tlrllt.rcllcc ( I I l,)/( I,,, - I l.) ¡ilì(l , ts tlrc
i¡<lirrc¡rsir¡rral lilnc (kl/¡rs').
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o,2li¡rrrc rl ('oo¡tli¡ratc systcnls ¡t(l()¡rl('(l lìr¡ lltc solutio¡r ol cc¡rrltiorr
(.1). I hc ()ilt¿ilt ts ltrc¡tctl ilt tltc wcll l)()ltoilt.

wlticlt t:ortcl¡rorrtls to thc solrrlio¡t hy l,cblanc ct al.
(l9tll) rrrultipliccl by f hc I'tctor'1. l;ig,s. 5, fi irnrl 7 slrow
thc cr¡rrilibrir¡nr tcr¡tl)c¡ iùl ur c r ccr)vcry crtrvcs c¡rk rrl¿rtctl
f'rorrr cr¡tritf iorr (5) lìrl tllt:c clistllrccs I'roll lhc wcll ¿rxis.
'l'lre crrrvcs irr clch ligurc lrc ¡rar:rnrctrizctl lìrr rirr iorrs
<listartccs l'rorrr llrc wcll botto¡¡r.'l'ltcsc t.utvcs wcrc
ctlculatcd usirrg:r thcrnr¡rl tlillusivitv o1 2.5 x l0-¡ rrrrls
wltich sccr¡rs to llc ¡r gootl vrrlrrc lìrr llrc tllilling nrutl
(l.cblarrc ct ¡r1., l9|ll).

Hgurc ó l:t¡rrilibrrrrrn tcnrl)cl¡tturc tcc()r'cry (:urvc, (,¡tl(;tl;rlc(l lt()nì
t'r¡trirli0rr (J), lrirll w¡ry l)clwccn lltc (.('ntrt rtr¡tl tlrc wcll
wirll ¿tlrtl lìrr clilli'lcr¡l tlist¡r¡recs lroill lllc l)oll()nt.

rvltcrc r¡,¡ is lhc right sidc of'cr¡uutiotts (.5) or (6) calcu-
lutcd lt tltt'lintc li lnd A'l is thc clit'f crcllcc bclwccn lhc
i¡ritill rrrud tcrrrl)crirtrrrc ('1,r.,) arrtl tlrc irritill forrnation
tcrrr¡rcratrrrc ('1 
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lrigrrrt 7 li,¡rrrltlrtitrrrt l( ilrl)(ìritlurcri rcc(rvcty cttlvr', c:tlcttlltlttl llottt
et¡tt;tlirltt (5), ¡lc;tl tllc rvcll rvltll lrlrrl lìr¡ tlillt¡etll tli';lltttccs

li'ottt tltt lr(lll{)lll.

AN Al'l'l,l(lA'¡ ION l',XAMl'l,l'l

'l'lrt tnt'lltrltl tlt'sclibctl ill)()v(Ì wits ,ll)l)lic(l ill lllt:

¡lclcrntir¡utiotì ()l lltt: it¡r¡tlttcttl c()lì(lll(lliv( ltcitl lltlrv
tlt:nsity i¡r rt rvulc¡ rvt:ll tlrillctl ltl tl¡c llottlct rrl llttr
'luutrulÓ ll¿tsirr, sotttltr:rtsl lìrirzil (lrill. l't). 'l'lris ncll'

l,52rrr in <lc¡rtlt, was tlr illctl f or watct sul)l)ly ltl lllc
counly ()l (;u¿il¿llitltltrclii. AlllltltlSlì lhis n'cll wlts llttf ttl
llrcr'¡rurl (:(¡rilil)ritttìr,;t lttll lt:trrllctalt¡lc prolilc (l'ig' !))

rvits rtt¿ttlc. I Itr: lctttpcl¿tlllrc llt tllc wt:ll ltoltoltl wils lc-
toltlcrl irr irllctv¡rls ol lrlrll tttl ll()tll, [lt:t\vcclt lìrrly itrltl

Itl¡ty r;cvc¡t Itortt:; tll sltrrt itl lirlrc (l'i¿. l0).

'I lrt: i¡tslltultclrt t¡lilizt:tl lor tlrc ¡llr.:itätllcllìcllls was ¿l

tlrcllulrl ¡rtollt: rvilh it tllcrllli\lol sclìsor. I)rrrirrg llrc l'iclcl

()lxlitlion tltc cltlr:tticitl rcsistitttct: ol tlìc scllsor wlls

nrr:rrsur t'tl rvitlr it \\'lrc:ittslottt: lrr iulgc lr¡ltl tlrc corrcs¡-totttl

irrg lcrtt¡rr:nrltttc \vrls clctctl¡tillt:tl by lhc c;rlibrit(iolì (:tlrvc

ol lhc ilrstrunr(rì1, lltr¡lisllccl llv lllc lltslitrlltl tlc Pcsc¡tti-

:;irs 'l't:t:ltoltigicrts tlt: Silo l'¿trrlo Sz'r\. 'l'lrc ilr<livitlrral

l)lcclsl()lls ()l lllc lclltpclitltlr(: (l(:lcl ttli¡tltli(}tts wt:l(l ll()l
r:v;rlu;rlctl lro¡tt lltt: cttlibrlttitttl t:ttlvc.

'l'lrc otrsc¡r,trtl tl¿tl¡t rvlts tttljttstc<l to ct¡rrlrtiorr (7)

rrsing :t lltt:urt¡tl tlilltlsivity ol f .5 x l0-' llt'ls. 'l'ltc rrcll
clirr¡ilc:tcr is 0.l() rrr (7 _5,/8") trrrrl tllc littirrll rvrrs lil¡rrlc

srr¡r¡rositt¡l lltltt llrt: lltcllttltl sclls()l \\'¿ls Iivc cctttilllclt:rs
:rlrovt: lltr: rvcll trollrru, rvlrit:lr is tlrc tlistltttt'c lrctrvcclt lltc
llrrr¡u:tl l;t:rtsot ¡tlttl llrtr li¡l ol lltc ¡rtttbc,;tl<tttg lhc rvc:ll

luxirr. Sittt:c tlrc ¡rtctisiott ol llrc lclllp(:litltlltÌ lllc¿lstll'c

ilrcrìls w(:t(: tt()l tlclct¡lliltt:tl, tllc ct¡trilitrrittltt lctlt¡lcrlt
trrrc ( l 1) lt¡ttl A'l' tvcrc cvttlrtltlctl ltollt tltc tlitllt ¡rtlilll
scirtlcr inli rlror¡l lltc litlc:tl cttlrc. 'l lris scltltclitt¡'. cltll l)(Ì

rrrc¡rsr¡r'crl Irv tltc sltltllllt'vitriltltcc tlclillctl lry (llcvirlglolr,
I 969).
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DEPTI-l ( meters )

liigttrt,i) 'l(ntl)('t,tlur( ¡rrolill rrl tlrl u'r.ll, rc¡rrerllrtctl lrv tlot:,
lccorrlc,l ir'l('r ('rr(l ol rììu(l \'lrr'ul:lrrlrr. ( olrtrrrrr,rrr., lirtr'
r{'pr('r,(tlri lltr' , irlrIlrttetl c0trtlrrt llr,' leiltl)(.¡;llilt(. 1)r(,ltl( .

lri¡rrrr ll) lìrìtl)(t,tlul( t(l()\(ti-eÌllcitl lll( \\cll l)ottonì. N'lt':n;r¡lr.rl
tlitl:ti';l,:P¡trclttcrlln',lol,.( otìlinu,)u.,liltltt.¡rrtrcrtl;llre
Ittlltt.,lr'tl l( r)ìl)( r;tlilt( rr'( il\,r't r'ilt\r

irtli t rtll itt¡,s r t'covcrc(l c()nr i¡lrrorrslv tlrrr irr¡i tlr illi¡ltl lor
tlcpllr i¡rlcrvirls ()l t\\/() nr(Ìllts. l ltt <livitlt,tl lrlrr ¡¡lcllrotl
( llcck, l 9(r\ ) ;rtllr¡rlt:tl l ol l lrt'r'rnlrl c()n(lr¡ct ivrly nt('lrsllt c

rìr( rìl)i ilr rlr rllril¡Ì ('t¡llirìli:. (S;rss el itl., l97 l; I\ltrilrilg,rrri,
I()S(r) rv:rs us((l lt Ilri:; rvor k.

'l lrc tl¡ illin,l ctrltirrgs u,t'rc rlr rt:rl itt 50"('llrtl ¡urckctl
itt lr r;rrrrr¡rlc lror *lrirll is r;r'lrt.lllrlizctl i¡r I i1l. I l. l'lrc
siilill)l('is llrt'¡l rillulltl('(l \villt \vitlcl lut(l llìc llrcilDirl
con(lilr'lrvily ()l llrc rvlttrlc sVslcnt ir; nrclrsrr¡crl ilr ¡r

rlir itlt:rl l)iu ll)l)iulrlu\.
lJor llrc tletclrrrirr¿rliorr llttrrnl¡rl r'o¡ttlucl¡vi(tcs on

rlrrllirrll(ullinA:jl\\'()(t()n(.(:lt()n\ilt(.ncccs:;iuy. lJirst,tlrt:
i¡rllttt'rrtc ol llrtr stlrrlrlt: Iror lt;rs to llc rclrrovtrrl. l ltrs is

tlotrc rrsirrl llrt'rt:llrliorr lìl lllc ltr¡lk lllcr'¡lt¡rl t.rlntlrrr,l
iIity trl .t l\\,() l)ltils('svsl(.ilt:r|llrn¡,,t:rl irr ¡,lrrlrllcl rVitlr tllc
llt';tt lltlrv (Slrss r't lì1., l()-rl; l\'llrrilnli()ni, l1)tì(r) 'l'lris
corteuliott rrriry lrt: cx¡rrt.,;st.tl lrr
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rt'ltcrt' l, ;lnrl I',.. iu(' lltc corrcs¡rorrtlirr¡1 rrrt'lt:;rtlttl ;trttl
t ¡tlttllltlctl lt'ltl¡rt't¡tlrilcs rillrl N is tlr,' rtil¡trlrt'r' rrl
llrcttslilciltclllr,.'l'lrt crrlr:t¡l:tlr:rl sitrtr¡rlt'viìtiilil(('rrlts.ì r
l0 ' 1"1'¡'.

'l llc (:xltiìl)olitl('(l lotttutll,rlt lr,'tìtl)(lllll¡t() { I 1)

olrtlint'rl rvitlt tilis ¡rrocctlrrrc is (1t3.I I O..l) "(':r¡lrl llrr'
tlil lt:tt:¡lt.'r.: lrclrvct'lt lllc lonrurtiorì t('tììl)r't ill ru t ¡rntl lllr.
irritilrl rllillirr¡l rrrtrtl tcnrl)ctitlul(: ( 1,,,) is ( 6,,5;' !

0.()7),'(.
l ol lltc rlclcnrrilltliorr ol lllt: lolltl fltr.rnr;rl rcsis

llrrrcc (ct¡rr;ttiorr .l), rl is n(:(('\siily t() nt(.itsut(. llrt. lllenturl
r'()rì(lu('livitf, ol l()t ks lll¡tl (('ilritilillc lltc :t'tlirrlr.lll¡il\'
lrtvcts c¡os:;ctl lrv llrc rvcll. Sirrtc tlrt' tll illilrr: lt,t lrrrir¡rrt,
tlsttl itt Ilrir; rr',-'ll (l()r"i lt()l ¡tttttril tlrt'rt'.ortt! ()l \.unl)l('
totcs. ll¡t'lllcnnlrl (()ll(lu\'livitit':, s( r( nr(..t\u¡t,tl irr tllill

(li
h¡r

(e)

rvltt'tt tl,' iln(l (li lrlc llrr'('\l('tn:ll:lt(l inl('rllll (lliltìt('lctr;
ol lltt slrttt¡rle lror, Klr is lllt ntt'lr:,ur.'tl lltr'ntrtl torttlur'l
ivin,ol lllt'ttlrolt'svsl('nr (s:rru¡rlr'lror.rtttl lltt'.;rrlur¡rlt'tl
s;tttt¡rlt') K¡r is tltr' lltr't rtt:tl ( rìtì(ltt( livtlv ol fltr' s:tttr¡rlt'
lror s:rll :urtl K¡¡¡ is Iltt llrt'rr¡trrl .onrlutlrrrl\,rl llrt'
.;rtl u¡ rrlt'rl .l,uììl)l( 

.
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J)loslrct

bro ss

lJl*r¡re Il- Scltctllalit: rcl)lcll(llìlílli()ll t'l lllt: s¡¡llrlllc t¡o¡'

()¡tr:c K¡¡r is tlclcr lìliltctl, a sccotttl co¡ rcctiott is

rìcccssary to c¿tlcttlittc tllc tllcrltrlll cotldtlctivity ol' tltt:
rock f'ragr¡tcrlts (Kr). 'l ltis c¿tr¡ bc tlo¡lc ttsilrl', tltcorical

rrrotlcls wlrielr rclalc lhc ttrctlllll crlndtrctivity ol'lt Irvo

l)lì¡lsc syslctìt lo tllc tll(lrlììítl cttrrcltrt:tivilics tll'caclt ¡lltlt.
sc. llrrlt & lìcrg (19(r8) llrcsc¡¡ls lr rr-:vit:rv <¡f tht: lltctr

rcticul ntotlcls. Marltltg,otri ( l9tì(r) ltits ¡roirttctl ('t¡l llr¡rl
ítnlotrtl tlresc scvcral rilodcls tlrc Illtrggcrrrlttl llltlclcl lttttl

lltc gcotttclric ¡ì¡call llì()(lcl scclll to bc lllc ttttlt'c lt¡tttl¡-rti

otc fì)r clrlctrlltlilrg tlrc tllcrlll¡tl colttlttctivity ol rou-k

l'ragrttcttls. lrr tlris l)¡lpcr wc llavc atlo¡rlc<l tlrc Iìr'tt¡',9'c-

nrarr tlttltlcl, wltir:lt c¡ttt lrc ltt;t(llcttlatieally tc¡lrcst:rtl

ccl hy

(K K*)

llt:¿t f low t,ltlitsuretttt:ttls itt w¿tler wttlls

c:xr:cpliott ol l.1) W/¡lrK. 'l'lrt' hypotllcsis ol' cquality ol'

variurtcc ¿t¡rd tttciltt valtlc bctwccn c¿tclt pair tll' ncigh-

bouritt¡i <lislribr¡tiorls w¿ts vcrif icd by ap¡rlying tlìc F-tcst

;r¡rtl tllc t-lesl (l)avis, 197.1), botlr willr a co¡rl'itlctlcc lcvcl

o1 0.05. Wltcrt thc (:(lt¡ality hy¡lothesis of vitriitltcc tlr

rrrciut valtrc wits rc.icctctl, thc two dis(rilltrlittlrs wcrc

corrsiclclc<t ttl ctltles¡'rotrd to a distirlct condt¡ctivity

laycr'.'['lttr <lc¡rllt ttttctval trctwt:ctl l]8 artd 152 ¡nctcrs

wls Ítlso co¡rsitlct'ccl as I (listillct tllcl ttlal colldt¡ctivl(y

lrtycr'.
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rvhcrc r¡r arrcl K1. iu(' tlìc watr:r' volrrrttcllic l¡¡tclitllt itlttl
thcr¡tlrl cotrcltrctivity t t:s¡rcctivcly. lìtltt;rtiorts (tl) rrrrcl (9)

(.iln l)c coDt[)itìc(l t() lì¡rnislt clirt:ctly lltc tllcr¡tritl t:ottclttc.

tivity ot tltc ¡ock f'titgrtlcttts (lllirr;rrr¡ioni, l9t'l(r)'

(lR tp ((ìR)'''
Ks - Kl I -- t¡t ((lRf-

(ll)

whcrc (llì. is K¡¡1,/K1 (K¡¡¡ givcrr by ctlt¡¡rlion (9))'
'l hc otltairlccl t llcrll¡itl corlduct ivilics fìrr caclt 2trl

dc¡rlt ittlcrvltl rvt'lc cttttttrittt:d lo givc lltc cottdttctivity

¡rlolilt: showtt irr ltig. 12. Thc colìclt¡ctivity vrtlrrcs of'tltc

prolilc i¡t 'l'¡rblc I wcrc grott¡rctl irr clcpth itrtct vals rvhicll
'l'llrlc I

sccrttccl, ilt a vist¡¡tl itts¡tcctioll, t() rcl)resetlt a tlisllillrr

titl¡t of'tltcrt¡tal ccllrdtrctivities itrrltttlcl il lllc¿ln v¿tluc''l'ltt:

r¡ornti¡lily ol' tlrcsc tlistribt¡tirlrrs wcrc vcríl ictl rrsirlg tltt:

¡'tcsl wilh lìrtrr ¡rrobability trarlcls (l)al'is, l97J)"1'll(:
hy¡tothcsis of rtorttritlif y lìrr all clistLitrttliotts, cxccl)l thal

corrcs¡lott<littl¡ to tltc tlcptlr intcrvrtl trctwccrt I3tl tlrtl I52

Irìelers, cottld ttol hc rcjccle<l ¿tf a ctt¡llitlt:ttcc lcvcl ttl

0.05. ln thc ttc¡rlh itttcrval (lltt, l52r¡¡) llrc t:ight irlclivi

tlu¡tl v¿tlttcs ¡¡rc cilltt:r 1.6 or l.t'l' W,/rnK, with trltt:

ZOC)

ligurc l2 'l llcl rrr¡rl ctttttlttclivily ¡rrttltlc. l)ols Ic¡)rcscllt lllt:

¡rrt'¡surctl (l¡rlíì. ('otllitttt(ttls litlc rt:lltcsc¡ttï tl¡c Illcan

crrrrtlttr:lir ity ttl cttclr lityt:r lttttl lltc itttct t tr¡lltrl lillcs lil¡ril i¡

vlrrilrtior ol f r irrot¡lt<l ll¡c tltcttll.

'lublc I l'ltr:tnt¡tl ctr¡tdttclivi(ir:s ¡t¡td l¿tyct lhickncsscs ol (ltr:

llrr:r¡r¡nl colttluctivc ¡rrofilt: tc¡rrt:scttlttl itt lìigttrc l2
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'l'lrc tllct'ttt¿tl c()rldtlc(ivity l)l ()l ilc c()lìstrtlclcd ill thc

wly (lcscri[)(:rl ittrovc ltas a rcitstttlablc corrclatioll witlr
thr: lrlhologic l)rot'ilc f'rrrllishctl by thc tlrillcr.'l'hc
sårr¡rl)lirìlÌ l)roccss, lttlrvcl'cr, docs ¡ttlt ¡lcrrtttit il grc¡lt Ic-

solrrtion ol lllt: strlrtigra¡llric lcvcls, sittcc thc tlrillirlg
(:t¡llintis ¿tIc tìrixcd t(, solltc cxtcli(l by lhc clrillirr¡l rrrrr<l

cilr:rrl:ttiott.
'l'hc thcllnal contlttr'tivity l:tycr bctrvcclt 62 lltd [l(r

ntctrìts (orrcsf)ort(ls, i¡r thc lithtllogic tlcscri¡ttrott, lo tt

iicrlr.lcrìcc <lf'sutrdstoltt:s atttl siltstt-lltt:s witlt a lhirt t:lay

l:rycr hclrvccn 70 ¿rllcl 72 tttclcrs.'l'ltc ¡rrcscttt:t: ol'Ilttl t:lav

laycr carutol bc sccn ill tltc cotrcltrctivity ¡rrr-rlilc.'l'ltc
stnlc sitr¡irlion oc(ìuts in lhc last cotlclttclivity lnycr. lrt
tlrt: <lt:¡rth itttcrv¡l cortcsl)o¡ì(litì8 to llìis laycl , l.ll'l to I 50

nrclcrs, thc litholo¡ric prolilc tlr:sclilrcs it lirsl lltvct rvillt
l'illr: t() ¡rtrtlit¡¡rr ßrÍtin s¡zc s:rn(lst()rtc rvitlt s()tttc itttìLltttlt

ot cluy. A sittttlstclttr: layct lrclrvcc¡l 144 ¿l lltl l4tì ¡ttctc¡ s

Irl)l)ciu-c(l irt ;r r¡rrilc clcitr ntllrl¡cr ilt tlrt: SI'ttrrtl clct:l¡ ical

rc:,istrutt'c (sirrp,lc ¡roittt clcclrotlc) lo¡r,s rtt¡ttlc itt tlris rrcll
'l'lrc lrotttrrrt l)iul ol lltis scr:liolt rvits tlcscribctl lts grt:t:tt

t:lly. Norrr: of'lltr:sc litlrolo¡lit: vtrtiltliorts ¡tlc clc¡ttv
slrorvn irr llrc c<lnrlrrctivity ¡rrol'ilc.

'l'lrc lolrrl lltclnutl (on(luclivitv rr':ts cltlcttlltlccl [rv

t:<¡rrirtiott (2) arrrl its slitlttlitttl tltrviitliolt (¡\l{) rv¿rs

r:rtlt'ttl¡tlccl by

N

i-r

125

'l'l¡c conrluclion stcldy st¡tc tcnlpcralrrrc ¡rrofilc
carr bc obtair¡cd by irttcgralirtg thc l,'orrricr law

(l
tl l'

k
tlt.

N
/\l.l''Ì ( ).

rvitlr tllc (:(ìrìstnrinl lllrl

tll tl l¡ ( ll)

rvllclt: tll is tlrt: cr rol ill tllc rvcll dc¡rtlr, rll¡ llrc crror irr tlrc
tlrickrrcss ol tltr: luycrs, ¿uì(l (lKi lltc st¿uttl¿trtl tleviitliorts
ol' tlrc concs¡rorrrlirr¡, tlrclrrtrtl con(lr¡ct ivil ics. Si¡tcc l ltt:

rlc¡rllr to;r laycr boundalv corlcs¡ltlttrls to tltr: tlr:lltlt
wllcrt: ¿r trln<lttclivilv cltitttgc oc(ìurs ltrttl sittcc tltc
slrtt¡rlirt¡q is ntitttt: ctltttittttottsly fìrr' <lc¡rtlr i¡ttcrv;tls of'
Iw() nlct(rrs, tlrc crrr¡r in tlc¡rtlr rvus assul¡tt:tl lo lrtt ltall tlf'
lllis irrtcrv¡rl.'l'ltc lirst thrcc thin layr:rs arc c.\(ìcl)liorts irt
lhis rrrlc si¡rcc firr sntall rlc¡rtlrs tlrc Irri.xirrg ol tltc tlrilli¡rH
cutlirìgs is rilrrt:h sill¿rllcr.

'l'lrc olrtlilrctl totr¡l lltt:rnrll lcsrslÍul(ìc is (l0l t l2)
¡n' K/W ¿rrrcl tlrc u¡)l)lrrcrtt cr¡ntlrrclivc ltt:irl llorv tlcrrsily
in this wcll is (6() :! lÌ) rrrW/rn'.

rvlrr:¡r cl is lhc r¡tc¿rsurctl lrctt l'low. lrl IJig. !) lhc c¡tlct¡lal

cd corrrlr¡rrtil'(ì lcrìrl)crírlrlrc l)rol'ilc fìrr tlris rvcll is sltorvlt

coN(:t,tlst()Ns

lrr tlris pupcr, u nrctllod f'or llrc clclcrrlination ot'
;l¡)l)Írrcnl Irc¡rl f'lou, rlc¡lsilics in shirllow rvirtcl' rvr:lls is

¡rrt:scnlcrl . I'ltc rttt:lltorl wls (l('v(:lol)ccl to pcrrtrit llrc tlc.
tcr ¡llirralion ol lrcal l'lorv dcrrsitics irr rvclls rvi(lr sr¡llsl¿rn-
cirrl lrytllologic tlislrrrlrlrrccs, rvlriclr ¡rrrrkc it tlillicrrlt tlrc
rrst: ot corrr¡rl(:lc lc¡rì¡)critltrrc ¡lrol'ilt:s.

ln tlris nrcthrlcl, lcnrl)(:tltf ut(ls ilr'(Ì ilrcitsilrc(l orrly ¡t
llrt ur:ll lrottonl u¡rtl ¡ tlctuilcd clctclrrrirr¡ttion ()l tlìc
tltt'r¡lutl corttlrrctivily ¡rlofilc is rnirrlc. Wlrt:n tlrc lcrìrl)c-
r'ítltrr(: ¡ììeiìst¡r(ìnìcnts ltrc r¡ut<lc rvitlt tltc rvt:ll otrl ot
llrt'tnral r:tluillllritrrtt, tlrc ¡ock tculpcrirtrrrc lrccrls lo bc
cxtr¡r¡rolítlc(l l rorrr l llc nrr.¿rsrrrc<l lcnìl)ct ¡tl ures. I l<lrvcvcr',
sirrcr: tlre rìì(ÌlsÌlr(Ìrìì(Ìrìls itrc nxt(l(: itl lltc rvell lrottorrr, lhr
t:xl¡.ttlltllitlitltt ntorlt:ls Itlsctl ott tltt: solt¡liott ol tlrc lrclt
Iriutslr:r r:(|tnrlio¡r rvitlr irrli¡rrtc c1'linrlliclrl synrructry
¡rtusl bc nroclilictl ltr lrrkt: l¡rlo corrsr(lt:ltlr()¡r llìc l)r'csrl¡ì-
cc of' lltc rvcll [lollortt. A vt:l y siru¡rlt: nrodr:l is ¡rrt:scrrtctl
irr llris ¡rir¡lcr.

'l'l¡crt: lrt: s()¡¡rc lrsl)ccls in tlris ¡rrcthocl llritt c:rll lol'
l'uttltcl ntvcstigirliort.'l'lrc lcnror'¡rl of' lhc irrllr¡c¡rcc ol'
srr¡ t¿rcc tcnrl)crítlurù vlrlilrtio¡rs ()rì tlìc lrr:lrt llttrv dr:nrity
tlctcr'¡¡ri¡rirllon is rrn irrr¡rortarìt l)()rrt ()rr tlrc ollrcl lrarrtl,
llrc llrcrInítl !ìolr(lurìtivitics lrrc nrclsrlrctl orr tlrillirrtl
r:ulli¡t¡is lrttl, lìrr llris rclrsorr, llrc¡' rrray rrol lc¡rrcscrrt tht:
rcul cor¡cluctivitics at clc¡rth. l{ock ¡rorosilv aln(l satlr
nrtion lirr irrslarrcc, rc¡)rcs('¡rt r'<lck ch¡u ¿rclcr isf ics tlr¿rt

.rrc ¿rltcrctl by tlrillirrg. 'l'lrc corrrbirr¿rtion tll tllc¡¡lral
r:ortrltrctivily nrclsu¡'(:t¡¡cltts r¡¡utlc orr drillirrg cutt¡ng,s,
lurttl tlrc ¡rorosity' artcl satrrr¿rfion inlìrrrn¡rlio¡r obt¿rirrcrl
lrorrt rvcll logging rrrirl'lca<l to a lrcllr:r'(l(rtcnìrinat¡orì ol'
thc lllcnrral r:tlrrtluctivity ¡rrolilc.

'l lrc ¡rutlror is irr<lt:trtcrl to l)r'. Vitliyu M. ll;r¡rrzu lìlr
:ìuggesling llrc tlle¡rrc 0l tlris rvork ¡rrcl l0r scvcr¡rl rrsclull
tlisrtrssitllrs orr il.'l'lrc arrtlror is;rlso l¡l<lclltc<l lo ÌVliss

Iulil l'lcs l.,c¡rrc lor tlrc c¿rrclrrll llrcnual co¡r<lr¡clivitt
nìcltsr.rrcnrcnts. lirluardo Ikrckcr ¡t¡ì(l l'c(lro Via¡l¡r tlos
Suntos f'lorlr ll'l'¿rre lll¡r¡rkerl lor lltt:ir lrcl¡l in obl:rirrin¡
I lrc rvcll rl¡rt¿r.
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lllr('K.,A.11. l()65 lllr:rrrrrrirrg l¡t'irt lltlrv ln lrrrlrl. lcr('.ilr¡irl lì(:Írl

llrrrv, Â( itl !lorro¡¡rr¡rlr, Nl't{: l.l .r0.
lllr( Klllì, h.,1r\N(iSlr'lll, \'1.(ì.,! V()N lll:lì7lrN, R,l'. l9ll l;r

l)ec¡rlrttrtrtl ¡icotlrcrttltl rrc;liutc¡¡tclts. llolc 5tl.lll, l)\l)l'lcßs
tri) ¡rrì(l 7t), lrriti.rl lìr.¡r, l)tr,¡r S|tr l)rillrn¡1 I'ltrj., trtr:.ì1.ì.1.ì6,

lll:( KlrR, k., l.r\N(ì'ilr'l ll, Nl.(ì.. V()N lllrRZlrN. Il.l' ,t 
^Nl)lilì:;()N, l( N l(.tll.ìl' l),rc| ftt¡:ititl lÌcrìtl:rilritl iltc;r5utr

r¡Ìrills. Il()lc 50.lll, ( o:,t:r l{l(:t l(tfl, .l¡rrrlrtlrl rll (it'd¡rlry,,rr'lrl lìr'
riùiuelr, lll]tìr.l{.1 / ,l.lt /.

llllVlN(¡l()N, l'.R. l()l)9 l)trtirlerluetioltirntl t.ll¡l iltitlysi:Ir)t
tlrc ¡rlty:ic:rl:cr('ilcr.. Ncrr'\'rr¡k, l\lt:(ìrrn'lltll lìool ('()nrl)lilr\',
Jl6 ¡r¡r.

lì1.Â( KWlrl.l., .l.ll. l95 l llrrtlr.rl rrrrrl lrt;rt llrlrv r¡r r(:¡trorìri

lrotnttlt:rl intttrt,tll¡, lr¡ r'irr'rrlirr illirrrlers. ( irrrirtliilr .lou¡lllrl r¡l
l'lrysics, .ll :.t71..179.

lll.Â(lK\Vlrl.l.,.l.ll. l(.,5.1 z\ Ir.ul:rrrrt ll¡rrv nlttl¡rrtl lirr tlctclrlri
tìitli(1il ol llr('illtitl coils(it¡¡l]i ol it¡sul.lti¡lg nl:tlc¡i:tl r¡l brrlk. l)trrt I

-- llttory.,lorrnrrl ol r\¡l¡rlicrl I)ltyrieis, ì5 l.ìl l.lJ,
Iìl,A('KWlil,l.,.l.ll. 195ó Ilrc:rrr:rl llorv r:rror rr thc tlltr¡1.¡l

corrrlrrt:tivity ¡rrohc, ('¡nttrtliir¡l .ltlt¡r¡rirl t'l l'lry:;ict, l.t .ll.l .117.

ll(,l,l,Al{l), li.( . - 1,.).19 - llc.rt lkrrv in Sorrth Allit'lr, l,roc. l{tly.
Sot:. l.orrrlon, Sr'1 . A, 17.ì .1 /.1 J0l.

('Al{Sl.^W, ll.\. &.lAI1(;llR,.l.('. l()51, ( onrlt¡r'tiortol ltlrrt rn

solirls ()rlìlrrl ¡rt tlrc ( lirr,lrtlrlr l,¡crs, 110 ¡r¡r
( Alt'l'Wl{l('lll, K. l()71 lìt:rli.;tlilrrrti¡rrt ol ¡'r.o tlrr.rrrrirl lrr.rrt lry

It slutllrltv lrr¡rrrlcr (icolo¡lrr';rl So(tcty ol Alllt'rit;t lìrrllctilt,
ll2:.1 l117-.ll(X).

l)AVlÍj, l.(' I9/,ì Stlrtirtipr trrrrl rl;rt¡r ¡rr.rlysrs rrr ¡¡t6[rgy. Nt:rç
Yrrlk, .lohrt Wilt:y & Sorrs, 550 ¡r¡r.

lx)N,'\l.lxj()N, l.(;. l96l'lct¡t¡)cf.ttl¡¡c ¡lr;rtlicnl:; ilì Il)l)|i

lity(rì, ()l tllt liirrllr': trrrsl tlrrc to convcclt\c rritlcl llorvs. .lrruttr:rl
ol (ìco¡rlrystc;rl llc:,t':r¡clr, l¡7:l.l,l() l.l5t).

lllll l, ,l,R ñ lll:lì(; .lll., l,\\,, l()(rll llrt;rrrritl ililrl clcetric;rl
conrlt¡clivitits ol r;:urrlrlont' ror'ks :urrl (x:c;uì s(ì(linìcllt;, (;to
¡rlrysiL's, .ìll:,lll() .5(Xr.

l.lrlll.^N( , \'., l'¡\St ()l:. 1..I ,t .l()Nl :ì. lj,\\/ l9ll I llrt
li'¡ììl,aritlilr( rlitlrili¿trlioll 0l ir lr0rrlr0lc. (ìco¡tlrvsits,
.l.l: l,l5tl- l.l(rl.

LlJlllrSlll, Nl N l9tlì lirtil¡rirtiL¡¡l 0l lìrrrillrlr0¡r tcll¡l)ctiltrtrc
lì¡)il) I)ilrrìlì()la ilì(';t:ì1il('trt(,tìl:, ( ¡('()¡)l¡ys, .1. l{0y, ißlr. S0r'.,
7{:!l| |t6.

lvl^l()ll()Wl('2, l.^., .l()NIrS, I..W, l.^lvl, Il.-1.. ñ .ll:S¡i()1,,
/\ N'I. l9tt5 l{cgit'n;rl vlil ¡itlrotì:, of lt(ìltl ll()w rl¡ll(ìtcrìrr$i will¡
rlc¡rllt itr ¡\llrcrl;r, ( ;rr.rtl;r. (ico¡rlr¡s. .1. l{('y. lrstr. S(x.,
It I :.1 7')-.1 ll7 .

N,l^.1()l{()Wl( /.,.1 .A., l()NlrS, l'.\!. ñ.llr55()l', A,lvl. lt/¡{ô
(;r'rìllt('r rìì¡c\ ()l tltc Will¡:ton lrirsrrr irr ( ;lurtl;r ln lcltrliorr ro ltyrlro-
rl!¡l:rnltc: ;urtl lrytlror:¡trllr)n r)r:(l¡l('n(r(.:i, ( ico¡rltvsit:;, 51 -16'i 

7'ltr,
N,IAIIAN(i()Nl. \'.1{. l!)l'ltr Itslu(lo e()nl¡)irr;rtiv() cntrc rìì¿lo(l()s

rlc ilt,:rlirl:r Llc ,:0¡rrliltivirl¡rrlt tilrilit'rr cilì nLtl(:rrilis ¡¡t:rrlri¡¡rL:os.
lvlç( . I)ir;rr'r'l¡rtioil, |Â(i, Ilrrrycrsrty 0l S¡10 l]lrrrlo.

N,lll)l)l lr'l()N. lvl.lr, lt)7() \ llr0t|(.1 lìrl llrltronl lt()l(.tct)ìl)('rittilrc
st:rl)llrr;ltrorì (ir:0¡llr¡'rrrr, .l.l: l.t5l,l I l6,l

SAliS,.l .11,, l.^( lllrNlll'(tl( ll, 
^.11. 

ñ lvlt,Nlt()11, l{.1. - l97l
'I lrr'tnt:tl r'rl¡rlnr'livrlv ill lrlr'lr frrìnr ltt'it1ut('ntl'nl\ ol ltitlnìr'tìl\
Itrtl il:; ltIl,lieirl¡ort trl lrc:rl ll()\\, tlctcrnltnrrlrorrs. .lorrnr:ll ()l'
( ìr:tt¡rltystr::tl llt:r;c¿ur'lt, 76 .ì-ì(rl .ì.101,

SlllrN, l'.\', ñ lllrt K, A.lr. l!)lJ(¡ St¡rbrlr,¿l¡tiorr ol lrotto¡lr lrolc
lcnll)(¡;rlìrc u,illr lrnrlt cirt:ul.rliorr lirrr:;utrl llr¡irl Ilrlrr,. (ir:o¡rlrys.

l. lì,)i. irrlr li,r... 116:ô.ì 1r0.
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