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Itt lllc llrst lcrv yc;trs llrc gcollrtr¡nutl gr'{)ul) ()l llrc l.;rrvlt'rrcc llcrkclcy l,;rlroralory llrs
tlcvclo¡lctl rortìl)t(Ìlì(Ìtìsi\('('\l)('r'trsc ln nunrcnfirl lllo(lùlurfl ol fl(:()tlì()ltìlll s\,sl(.nr;.
Wt: lt¡tvt: ttltttrcrl ot¡l rlr:llrilc:rl si¡rtrtl:rliotrs of r,;uiorrs l'icltls in tllc Ll.S.A. (lìlrc;r, Ncrv
lVlt'.riett; llcltcr', ('rrliltrllirr); Mcrit:o )(('t:r'ro I'r'it'lro); Ict:latrrl (Krlrlltr); lrrtl Kt.rryir
(()lkrtri¡r). 'l ltcst: sinrrtliltion !lurlics lrirrc rllrrslnrlt'tl tlrt' rrsclulrrcs;i ol nunl(Ìti(Ìitl
Iltotltls ltlr lltt' ()!(:rirll c:vlrlr¡rrlroll ol gcollrcrrr;rl syslnì()tìts. 'l ltr: rnclltrllt)f.y l'()t'
Itlotltlitt¡l ll¡c trclutviot ol licolllctnritl sylil(:tìts, tlrllì:rc¡ll itl)l)t()ircltcs to ¡r.t.ollrcrrltrl
tcl'ctvoit tttotlclirr¡i iur(l lro\v lltt:1 r:rrn lrt'rr¡r¡rlit'rl rr (,()lll)rcltcnsivc cvitluiltiolr rvrtrk
¿rlt: rl isr.:rrsst'rl.

Nos t¡llitnos lutos () l'.rul)o rlc ¡'¡,,,"",, ', tlrr Irrborirl¡irio l.ltrvrr'rrtc llclkclcy tlc:;crrvol
vt'rl l',tlttttlt'llltlrilitl;rtlc tltt ttro<lcl¿r¡rtt'rìl() (l('sisl(rìì:t\ rr,('ol('llilr((]\. Nr'rs lt'ttlizlUtt0s sr

tttttllt,,ots tlct.rllrlrtl.rs tlt' r,ritios rrrì¡l)(,\ nos l:rf lrtlo¡ llni,lor; (lìlrrlr, Novo N'li'xict';
llclrcr, ('lrlilrtlrlilr): Nlt'¡.ito (('t'rttt l'tir'lo); lslrìrrtli,r (Kr;rll;r); r'(.)¡¡i'¡¡l;¡ (()lklrri:r¡.
l::;lt'l; t::;lutlo:r tlt'iittrrrl;tçlro lrìnr ilusllrtlo lr llllirl;rrlc tlo:, lrrotlt.lo:; nunì(.t ¡r()s l);uit ;l

il\,.ìliit\'ll(l tlt'rislt't¡t¡ts li((rl(ililtr()., \'(ìilt(r ililt lotlrl. A rttt:lotlolrrgiir l):lt:t (r ilt()(l(.1¡t
tllt tllrr rlo r'()nr¡)()r litr('nl() tlt' :,ll,lr'rrut.; IÌc()lcnìti(tl:;, rlilt'rt'lllt:l. loltr;ts (l( nr()(l(,lit
lll(lllr) (l('tt':;tlr',tlilllo:, I't'tlli'ttllir'os t'!()ln() ('lir:l l)()rlr'ilt sr't lt¡rlit;ttl;l]; r'ltt il1il liltlllr
lllo tlt' rtvitlilt\iro, :ì,r() tlir,L t¡trtl:rs n('r;l(' tt;rlr:tlllo

( I l:rtltr,, itlo ¡tt'llr tct't:.llt)

IN ilt()t)lJ(t't il)N

( icolltclltt¡rl S\/sl(:nts ilr(' !( n(:t¡tllf, vt.lV r'ortt¡rlcl,
cxlril¡itirt¡t sttr'lr lr'irlrrrr': trs lllt(lllt tlolrrirurtctl llos,
clrttt¡lc, r'llt'ttutltl rclrtlions;t¡t,l llrclltr¡rl cllt.el.,. lrr otrlt.r
Io ¡¡¡q¡¡'rtt,,'l\ ruurlvzt'(liltir lr'()rìr !1('()lll('rnr;ti rvt'lls ¡ulrl
csli¡¡uttc llrc ¡ierrcrlrlirrÊ l)()lr'nti¡tl ol :r s\¡sl(.nt, r¡¡otlt.lilrrl
sltrdics nlusl l)c r¡lnic(l oul. Wltt'¡r lr nlotlcl ,rl ;r ¡ico
tltcrn¡al syslcln is tltrvt:lopt:tl, tltc c\i\lirrH llcltl tl;rl.r rrrr¡st

bc c;rrclt¡lly cv¿tlu(rt(:(1, lrrttl tlrt' lt¡tlì()¡liult ¡rlrvsrclrl
l)rr)ccsscs lllat occr¡r' irt (lrt' syslcrrr irlc:lrlilictl Allt:r ;r

¡rlarrsitrlc c(lnccl)tu¿rl ruorlcl ol rlrc liclrl is tlt:vclo¡rt:tl,
()rla rlil.lst cll()osc a nlath('nrilti('¡tl (nurìrcric:tl) tìl()(lcl lllitl
cû¡t rcûllslrc¿tlly cv¡tltritl(: fltc l)(ìrl()ilìì¿ilt('c ()l llrc ¡ico
lhernral rcservoir, an(i lclilhly ¡rlctlrcl its frrlulc
hclrav iol'.

Motlclirr¡i thc n¡tr¡ral stillc ol ¡r licltl ¡rlior to tlrc
silì¡ulfttr()r¡ ol lhc systcnr utì(ler c\l)l()ttirti()rt clrrr ¡irvc
vcrv v¿tllrablc rcscrv()it inl(ìilnilti0ll. ll nol ()lìlv lcslrì
qualitalively tltc cortccptual nl()(lcl, but ¡rls() givcr,
csl¡rnales ()f ¡nass iuld ltcat f'low lrr lhc systcrrr. l;urtlrcr.
t¡ìore, it provid(:s r'()nsistcnf rniti¿rl conrliticllrs for tlrt:
ex¡)lo¡tat ion nloclclr;.

'I'lrc prirttitry oh.jccf ivcs tor gcollttrl ln;rl rcscr \ ()it

rtrotlclrrr¡l ;ue t() ¡)t ()\,i(lt' .ulltrvt'ts lo int¡ror llrrrl I cscl I oir
ilriuritliclncnl (lll('sltotìs, rt'llttrrtll lo ucll tlcelllrc. rvc.ll

iil)irUit¡1,, Il(n('t¡tlitì1,(':tlìit(ttv (lìo\\,(.t il0lr.lltiltl) ()l llt(
lcsr'r v()ir, irr¡r'r'lron r'l lc.l:., lurtl Irolt.¡lllirl st¡llsirlt:nr.t
,uì(l s(itl¡nf, ¡rrolllt.rns, l lrt.st.t¡rrc:;lir)n:; tììlt:,1 llt,;trlrl¡r'r:
,'tl uritt¡, lt l)t()l)('t ('\lll()tlitlrolr trrotlttl tltill ltit\ t,r,olr,,t.rl
lr()nì tlr('e(ìnùcl)lulll tìì()(l('l.rrlrl lltt'ltirlullrl sl;rlr.¡notlcl
trr¡l slrrrlics.

A lrricl t('\'i('\\' ()l ¡1,'olltt'rn¡.rl rcs('rvrrir rntrrlr'lirr¡',
t'ttt¡rl¡¡¡1,¡,'¡¡¡¡' tt't,'ttl tlcrt'l()l)iltc¡tl:i, ts l)t(.i,('trl('(l lì( t(.
'l'lrc tlillt'rt'nl rrr,rtlt:lin¡l,r¡r¡rro;rt:lrr's :lt, clt.:,r'rilr('rl lrntl
lllcir lrrlvlrnl.rgt's iultl lirrrillrlio¡rs iu(. rliscrrss,.rl.
l',xitttt¡rlcs itrc gi\ ('n lo illr¡stltlc t lt(' tlil lr.l cnt rrrt'l lrotlo
I()¡ircs l()r tìì()(l(:littlÌ ()l nulrlftrl :,litt(', c\l)l()itrrll0rr,
irricr'liort rurtl urr¡llicorììl)()n(.nl llorv. llrrlrt,t sltnl¡lt;rrit\s
()l fic()(lrclnlirl rcscrvoil rrtotlclirr¡l iuc [tivcn lrr Witlrcls
l)()(|n ct ¿rl. (1977), (irlnl (1l)tl.l), rrrrrl ()'Sulliv;rn (l()fì5).

l)IlYsl('At, PROCHSSt,.S ANt) ('()N(:t,:P'I tIAt
M()t)t,;t,s

As opltosccl to oil ilrrrl ¡{¿ls ¡cs('r v\)ir s, gct¡tllcrt¡tul
sYslcltìs illc vcry rlyrrarrric irr thcir rt¡rlutirl sl¡tlc (l)onûld-
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:orr cl ltl., l9¡i.l) I ltcrc is t(tlllìlìll()tl\ lliìll:;l){)ll ol llrritl.
Itt:;tl :rtttl cl¡c¡¡titltl s¡lt:t icl;. lllìlì()l liìlil ¡rlly';it:.rl l)l()cc::,('r;
itt r,.t't,llt,'t ttrrl';yslcttt'1, lìì{)\l (ìl l llt'llt t,l t trtt¡'lv ctlrt¡lletl

inclrrrlrt rtìilìs I t ¡trt:;l)()¡ l, ( ()llvtial ivc ltlrtl colltlttt I ivt: llt:ltl

l|iilrslrr, lrltill;t: clllttt¡ic (troilin!, lttttl tolltlc¡tslrlit'lì),
clissolrrlion lrrttl ¡rlcr:i¡tilltliolt ol llìilì(Ìlills, :ttltl st¡cs:;

elllut¡'t: tlttc lt' l)rr!t. lìt('\'.tlli'('lìiìllll{ \
Itt tttttrlt:litt¡l ¡1r-'ttlltt'ttlì;ll l(Ìs('l\'oil:i (tllc llltlsl cill(''

lrrllv cvltlrrlrtc rvl,it ll ploccssts tlct'tl ltl lltl t:tltl:;itlclt:tl l¡l lt
s¡lct:if it uttrtlclitt¡1 \llt(lY (Willì(lsl)()()ll ,'l lrl,, l()771. llrir;
rvill rlc¡lt'trrl rl)or) tlt('olt.it't:livc:; ol lllc:lltltl)'ltltrl lllt'
cornIlcrilv ol lllt: ¡lc,rtltetttttrl systr'ttt. N4o;l Dl(:;clltl\/
rrvlril;r[rl,r l,('()llr('trììill sittltllitlols olllV toll:litltt r;ilt,',lc

(:()nìl)otì(:lll nlitS'; irll(l ll,:lll lrlttt';¡ltltl. ltl tl'(('lll \/tlll '
¡,t \L'rill r.itttttllrlotl; r'itpltlrlt ol ttttttli'liltlllllt'lllt¡l l',,¡t ,,1'

It :,t'r'olltl ('1)lìll)(lllL'l)1, t'tllt, l lt ¡toltt tllttlcltsilrlt' ¡i;ts ot lt

tli¡:¡1r,,,,1',rlli,l, lr;tlc lrr.t.rr rlr.ri.lol)( (1.

,,\ r,otl,l ( r)tì\ì('lìllltl nt()rlr.l i:, ,lttr' rvlnr lt t ol:;itlclt, lrll
,,1 {li, irr¡l,,itl,itìl l)rr)lrtrlliti lttttl ¡rtottl':' llllrl lrllttl lltt'
lrtiurlior ol llr':\,1,1(lìr irr)(l r'('l,tr"cttl' lltt'ttttlr'lll llìr)\v
Ittlrlt t)l lltt l'c,rllrr'lll[tl r''\''ilt'llt :llttl itr tll'ttltlllit'1. ll
:l( t\/(.ti it,,:r '.1:ttlitìf' ¡tt,ittt lot t(':.ì()ilt(('il),1('r,.lll('lll.

t\t( )t)t,;l,lN( i l\t l,l'l ll( )l)s

'llrttt ;u( l)r(s(lrllt tllrtt ttttlltt'tl:,lv,ttl,tlrl, lol
nrt,rlclinl lltt'lrcl¡;trittt ol lltt,lltr'lllt:tl I(:'i('t\'oìt:;. lllr'\'
Iilt tl,'tllttr'r'1il\'('itlllìlV¡;r:-, lttttt¡r,'tl l)ill:lllì(l('l llì(ìlll\)(li,
:rtttl tlir;llilrrtlrrl I)iuirttìt.l(t rt(llt()(li- ((irltrrt, l()l'il) l:.rtlr
nr( tlrr)(l ir.,it::.t l ilrt'tl llr it'llv lrtlorr'.

l)t't li¡lr' ( ur'\'(' ¡ru¡rl!s¡s

l )trt ltttt' r't¡ r vr' lttlirl\'),15 t ll\r'rl l o ¡rt t'tlit l l ttl tll t' rvt'll

tlt, lilt' lry littin,t ltllclrltit r'(lttltli()rt:' lo olr:t'l vt'rl llot'
¡llt tltr'littt (l.rlit ltr)ttt rv,,'ll:. (7,;ri',.t llorlrtllr'rioll, l()lÌ0).

I lrr' ¡,¡t'rlit tt'tl ll,lrr tlt'r'lirtt'!ittì llrr'tt lrt tlr,ttl lo tslitlr,tlr'
llrt'rrililrllt'r rrl rtrrlt'il1) (il(l(llll(ìllill) \\'clls lltlrl rl'lll lrI
n("ì(l((l iil llrr' lillrrte \lttrotts ltlll(ll()ll,ìl ltrt¡¡¡1' l¡;¡1'1'

l)('r'rì ),lrl,f( rilr'rl irr tlre liter :tlilrc, ilrt lrrrlilrl' r \l)()ll('llliill,
lrr ¡l, r lroli, ;ut(l ltitt ttt('ttir' c\l)t r':;: irltt:;.

I )r'r lrrrt' t'l¡¡ r't'. ll.lt't l)i'()lr ll'll(l rrtlll :;tltltc :lll(( (':'r;

lo¡ r,;rpr¡l rlonritr;rllrl \\/sl('rns (llrrrltl, l()'/.Ì; Slot kltrtt t'l
iì1., l(l¡ìl). r¡ltttlt lt:,: t't¡tr'ticltte is itv;til:tl)lc lìrr llot
\\,irl('r rrr,trtt'ir:,. lr4:rior ltrolrlt'nrs tvlll¡ rlt'cltltr' t u¡r'r'
;rrr,rlr',;ir;rrl llrt l;rt [, ol l:,()rrttll llttllr'lir'lrl lllt:;i:; lttltl llt'
l:ttl lllltr llrr'r,r';ililr,rl lirl( iltlo it((oltlll (lì:tllllr':i ilr llclrl
(ìl)('r;rli(ìn rc.1r., irrlill rlrillirr¡'. irjcctr,,tt) ((it;rttt t'l :t1.,

l()¡i..).

l,u rrt¡rtrl -lllrnrrrrl('¡' rnotlt'ls

I tll llrt' :;rtkt' rll lIlt¡llllotr, tvt' rvlll (ll:,r'rt:i). lttttt¡rt tl
:ultl tlr:tr il,rrl, rl l)i¡,urr('tr¡ nr('(l( 1.;',('l)llr irl('l\'. rrlllri,rtllt
lr;r:.tt ¡rllt lr¡tttllr'rl Iirr ltrrrt lt r rrrtttlt ls :rr ( : irtr¡rlv
rli,lrtlrt¡l,rl lì:il:ilil(l('r trt0,ltl, rvtllt ;t {oitl ,( ';¡'lrlrl
tll:,t lr'lt/itll()¡t

\'lo..l ltltrt|lr'tl l,;tt;t¡t¡,'1,. ¡ t¡tltlt'1., tt\(' l\\o Itlt,,.l,. l,t
t('l)l(",('trl lllt'.'lllitr'',\,llItl¡ ( )l¡t'ol lltt l,lot l'\ rt lrl("'( lll '

lìrc nlri¡l rr's('r\'()ir'(ot lltc rvtlllt'lrl) ¿llì(l lll(f olllcl itcls ils

il r(clriuli(' lrlt't li. Iltt tÌovctlti¡tl' c(ltl;ìliotts fìrl lllcsc

¡notlt'lr; t:lr¡l ollcrt lrt' ttttlttcctl lo oltlittltty (lif'li'lùllliitl
t't¡rr,rliott:, lll;tl elt¡t lre solvt:tl \clrli .lllillylicltlly. I trrtt¡lt'tl
l)iu lnrct('r ¡tlotlt'ls .ll c l',cll('l lrlly t';rlillr':tlc(l il¡ilìillsl it

l)r'(:r.i.lrc lti.;tory ltrttl lltc ttvt:titLltl tìllllr;rl¡ly ol tlrc

l)r{)rllr( (:(l lluitl:;. AIlt't rllll:tittilt,l it llisl()ly llliìl(:lr' lllc
rrorlcl is tr:tt',1 l() ¡rrctlitl lttltttt: :tvcr.t¡',t lcs(lv')il'

lir'('r.r;lrIC,rI¡rl lltritl ('lìtIl:lIIY.
'I ltt: ¡ltltitl lttlv'tlll:l!(::' of llrc ltlrltl'ctl l)illílltì('lcl

rrrorlllr:rr'('tlì('il rirn¡rli, it\¡ itrì(l llt(r llltl tllill (llcv tlo ¡rol

tct¡ttitt' lltL: tl:;t: ol l;tt!',t ( ()lììlìlll()l:l S()lttc 0l lllt'
1li¡;¡¡1lv¡¡¡¡t¡¡1,,t's :tt t I

(I) 'l'lrt'y (l() tr) r'()ll:ii(1,-'l llrlrtl Ilort'tvillri¡l llrt'lcs(lv()ll'
íttl(l ttclil('\ I ',¡r;rli:rl Vill ¡illi()lr:, ilt lltt't lltotly¡t;tlttlt'
t orrrlllitr¡t, iìlttl lrr, ¡r1ri¡ ¡r¡1r¡r1'¡ltt".

ll) 
.l 

lrcv (:ttllì()l lìlillùìì \\'tll lll(' il\'( lll!'(' ('lìlllilll)\' illì(l

il()tì(r)il(l('lr:,il'1,'r'ltI t:()lìltllìl tll Iltr'¡rt,irlrt(((l lltll(15

lrt, ittt:'t ol lllr' I.tti'( l',ll(l lrlrltl. :izl;
(l) llì('\'Lltttì()l ''iltttll:tlc llottt',:tttlt ir:, l)lllt:i('()l lll('l

ril;rl l r 0rtl:' rlilt' ltl l ll(' t (ritl',(' l;l):l( (' tlil t l r'liz,tllo¡1.

( l) I lrt'l' r'lttrtt()l r()rt''l(l('l (lLll:.li()ll:' ol rr','ll s¡, t, ittt' ttt

lll l( . I l()ll \\ ( ll l(r( ill l()lì\

I)islrilrr¡lcrl-l)irnrnclr't rttotlt ls

l)ilrtrilrrrlt'tl l)iululrrrl(t tt¡otltl:l ill(' \'tty I'(llt'lill
rrrotlt'1, llì;tl (;ttì ltt't¡:;t'tl lo:.itttt¡llrlt'l(':(l\()illi rvitll It'rv
(ct¡ttir"tllrrt lr) ltttlt¡r,'rl lìill.llììr'l( r lìì(ì(lr l\) ()l llì;lllv
( l(X) l()(X)) rlritl I'lot l':..'l ltcl't,tlr lrt'l¡:.' tl lo 'iltrtll;tlc
lltr' ('nlilr' ¡lcolltt'tttl:tl llvr'lllll, itrtltttlìrt¡l l(\(r\/(ril,
r rl)t()( L, lri<llot k, r,lt;tllorv t ol,l :l(lllil,, lr', tt'tltlttllt'
,'()tt(':,, ( l( . I ltr'\' :tllt'rr' ltr¡ ',¡r¡¡11;tl r';tt i:tli,ttl'. lll lolk
lr()l)(rll(r., ;ur(l lltt'ttno tl\,¡'.,",r. \',rtlililr(ìlì:'. llrc
lrrirrtip;rl lrtlr;r¡tl:u't' ol lltt,li:;ttilrttlt'tl l)illilrlì('l(ìl
rrto,lt'1, i:. tlr;rt tlttv lltrr';rll tlrt t¡r;tlllt'tllltllts lrttlll illlo lt

i{)rì)l)ul('r i()(l, .ttt(l;tlìtlrr'lllt'tl',t't lo tlt'titlt'tÌtì lltr\\'
tlt'l;ttlttl ((',1'., rìtrrrrl)('t ol J'titl lrlotk:;), lltt'iilrtttlltlitttt
slroultl lrt' ;u¡tl rvltltl ¡rlry;;it'ltl l)t()r'(:i:'(s :;lrrttlltl tlc
(()tìt.irl('ttil. l)ll;irrlvlrrìlill'( ('l llrt'tlislt¡lltttt'tl l)rLt:tìllclc¡
¡¡¡,r,1, l.,tr( llìa ilr'('rl lot it Lirlrìl)tlltt rt¡ìil ;tl¡ t\llt'lit'l)tctl
tttorlt'lr'¡.

( ltoir'r' ol rtttlltotl

l{tltr tt,oil it,li(,t,\lilr'tìl i:, lt ..0ltliltilrìiltr ¡rtotr.r:, ltrttll
tltt' lirtc lr 1,t'olltt trrt;tl Iicl(l is tli',r',rlctttl l() llt!' lt¡lt, ils
tlt'r,r'lo¡rntt ttl i.; , ottt¡rlt lt tl. I lrirl ¡rr()( (':i:. lllil\ ertt'tltl
ortr tltitl\, \r',1',. ",r {rr(' rr,'ttl,l , \l'(\ I ilr,rl .r I ,,1 Iltc
tlilltrt'ltl r(".;(t\()u ;r:,\('\\nr('nl trt(llr()(l: tt'ottlti llt'tlsctl.
ll0rrt'r,tr, lltt Vlili()lt:i ilt' llt0rl. :il(' ilr().;l ;t¡,¡rlitlrlrlt'itt
tlilli'rctlt .;lillÌ('\ ('l lll(' l)l()lt( 1.

I rr t lrt' t x¡rlolrt iott .,1;r¡lt, 1tt t,l,,¡rit rtl ltrrrl lit ol'lr ysicitl

:ur',('\'; ,ttttl 1't'o, lttrrritltì ',ltttt¡tlirtll ol ',ttlllttt '.1ìlilll{s
(;ilr I'r\t itrrli,:rlio¡tr ol lllt rtrt',tl r.rlt'¡tl:tlttl ¡ror'-iltlc
,lorr'ttltt'1,. 1( ilrlì( r;rlill( ()l llt(' t('\ottl!('. ,'\r llll', "lillt( lì()

rvt'lls llrrt' lrt't'rr tltrllttl, ¡'t rrrrt'.rl,tlit," r'.tlttt"; ltt( tlì)l ycl

;rv;ulrrlrlt':ilrtl llr, oill\' po'lrtl'lr':l\.('\'lll('lll lltr'lltrltl ts tltt:
rolrtlnr'llir' (rlorr'tl ltt';tl) llrt tltotl. I ltlr l¡ttlltrttl illrolvcs



().5. llotlvatson, K. P¡ ttt:ss,tt¡tl M.J Lt¡t¡trrt;trtrt .r'l.i

(Ìslilnulrttp llt(Ì lol:tl slolctl ltcrtl irl llltr lt'r.('t\()il'illl(l lllclì
itl)l)lyittll ll t('(()vtÌl y l¿tt lrll lo c\lillllll(ì lll(' t('ct)\i r.:llll)lc

cn(Ìtll)¡.,{ltllttrtl'll;ll llli\ \l'll',('llrt'ltv;til:tlrlt',1:tllt ir

sciil(:(ì, lltc lt¡l¡rt()\illlill('t(:s()lll(:tÌ (ìvllltlitli()ll tlslll! lll('
volr¡ntt'l¡ it: Ilrt:lltotl is t¡tritt tlr;t'lt¡l ¡ts it rvill clctclrlli¡rc il'
IUltlrcI irìv(:r,lrlìclll, t:.g., tltillirrtl, is \villl:ìlìl(Ì(l :ll lllc
,, it c.

\\i lrtrt st'l,t't;tl rvcll:; Intvc lrt't'll tlr illttl, l)¡c:isl¡lt.
tr'.ul:,icnl tllttlr :,ltottltl bc ¿rvltilrtlrlc lttttl lttt.tlysis ol tlrc

tl:tllr slr,rtrlrl ¡,ivc cslitltltltts tll lltc lcl;clvoil llitttrltttsrrvilV
(¡rt:r'rrrt:rrlrilitl llriclincss ¡rrotltrct), At lltt:. sllt¡ic, llrc
volt¡nrtrl lit it¡l¡rt tlitclt :,lt,rtlltl lrc rtltlrlltltlttt'tl sll¡t'tl il ,ltlt':'
n()l cortsitlcr ¡tt'r'rrrt'rtltilill' r'.tlttc:l, ltlttl :t :,ittì¡rlt'

Ittrrr¡rt:tl¡rtr lrnrclcl IIr,ltlt'l l;llt¡ttltl Iìr) ('()tl:il r tlt lt'tl. I lti:'

rrrotlt'l llltrtttlrl rtol Itt'.e:;r;;tr il1' ¡¡. tllvtlo¡rt'tl ilt lltt' :-ltltrt'

lllilllllcl ils ('illli(:l lrtttt¡lt'tl Iril¡.llllclcl ttlotlt'l:', \\1t'llt'ltt'rt
tlr:rt il tonrl)ulirr11 llrcilitit's itl,'ltr':til:tl,lc, it rtill l)('l¡ltltlr
It',s tittrc r'otr;ttntirt¡' lttttl lt'sr', to:-llV ttl llstì illl t rir lirlll
rlislrilltrlt'tl l)irtirtìì('l('l totlr'lti ¡rt:tlrtttrt llrc iltl,ttlltlitllt',
ritlltr'r lllrttt lo tlt'vt'lo¡r ¡t lt('\v:i(:tlli ltttltl\tit lltotl, l, ()ttt
r'\l)rr i('n(( i:; tllrtt lrtttt¡rt',1-¡,¡¡¡lllll('l('l' lllotlt'l:; \'illì lì('

tlt'vt'lol't'rl rlrittl', ;ttt cxtslirr¡l tttllttt l it ltl stltttll:tlrlt ilt lt

ryecl t:r lcs:, rvllr't t:rts it rì()tl\1( ltl iotlltl :;t'lttl lrr¡,rll'l iclrl

Iurrr¡rctl l)ilrilur('lcr rrorltl lltilolt:rl lo lltt' ¡rltrlitttl;tt
L l¡;tt,tt'lc¡ irl it s t,l lt ¡liverr I ieltl ttt,ty r t'r¡ttit t' (' ¡ltolll ltr; lo lt

\'(¡u ((iritttl r'l rrl., l()lil). I lrc tlillclt'tttr' t: srrtt¡'11' ¡l¡;¡1

llrt' lrv¡til¡rlrlr' tìttttt('t¡(':rl l;ttltttlltlt'l:, lt:tvt' ltll ol llrt'
r¡urtlrct¡ltlir's ltltr.'ltrly itt ¡rllttr,'; ,,r. ¡, ,¡ ¡¡to,lclirrl' el lor I

rcr¡rrilc:; o¡¡lv lltt'llrr)l)('r.rl)l)tr:itr:lt lry ltrt t'r¡tt:rtctt,:ctl
tnotlt'lt't .

l;irrlrlly, \\/l)(:n :i()rìrr'¡ttotlutli()n Iti,'ll(ìty i:;;rr';tillrl¡lr',
llrt' o¡llv it\s('.;sr¡r('ll lool llrtl ( ittt itt('()t l)()tltlt: lltr' clllilt'
:.t't t'l rrr';ril:rlrlc li,-'ltl tl¡tl;t is llrr' tlr:lriltttlttl l)lttlt¡trcl( l

nlrlrl,'l lt i,r tllt' onlv nrotlr'l Ilrirl r';rtt ¡lt:tl.t' ,t r(';tlir'lr('
trltlt¡;rlrott ol ;rll ¡tìtlr(ltl,ltrl teseltttir rtt;tltili('trt('lll
t¡ttr'sliotts llt;rl ¡tt't'il lo lrt' r'oltsirlt'1,'tl.

N,,\t lrtìAl,-sl 
^ 

ll,, Mol)l,,l,lN(;
'l'lrcnnorlynlrnrit corttlitrr)ns ll l',cr)lllcrtulrl ¡cscl

t oit:, t'r,olr r' ()\;('r lic()l()llie I itttt . 'l llc ntlt's lrt tr ltielt sttt lt
t'rrtttliliilil: t llirilgr' itt tlltr illtlilriìl :;lillr' luc ¡t,t'ttciltllV
st¡utll irt (lr)nrl)ilr rs,rtt l,r tlttr t lìllttt't::. ilttlt¡.'t'il lrv t'x¡llrtil.t
liorr. llrt'relorr', lor nr()sl ¡rlrtlititl l)lrl)()ri('\,
ttttlt:vclrll'ctl lÌc()llr('t ttt;tl tt'set \'('irs r'ittt lr( \'()rr:;r(l('r( (l I{)
lr,' ¡¡' .t (lilirsi \l('iì(l\, ';lrrtc. I llr)rlr ;rl t¡rr;rrrltllrlrVclt'
tttorltlirtll lllrs ttrtltnltl:l:tlt'('irtt lìr()\t(lr'\'r'rt,tt:,t'lrtl
ll)l()rtil,rlrr)ll I(ìr r,'r'ltlUltlt¡ìf ir Ji,,'olll(lttt,rl (:-;,ìilr(( iilr(l
I trr ¡rlrrrrrrll il., rlcvclo¡rtut'rrl.

(,)ilr¡ìlll,rliVt' ¡rr()rlr'liil¡' ()l llrr' lirllil,rl ,lrlc ililr:,1 l)('

lr;tst:tl t'rrtr ¡rrt'lirrrirr;rr\'{()r((l)lr¡irl nrorlt'1, rvlr,lr in lr¡rrr
is tlt'r,clol'ctl ltottr tltvt't\( lr((r'\ ,rl tttlolllirlirrr li.(.,
¡it'olrrliir'ltl, l'.t'olllr\srtltl, r,t,rr'lrr'¡¡ritltl, :lnrl rrt,('r\r)il
crt¡lilrt'tting rllrllr). llv t¡tuurlrlyirrlt it" \'lrn(ìu:, il:;l)('r l', ir

r'()n(('l)lu;rl tiltltl, l (itt l)r' lt:ltrl rt¡ttl tt littt'r1. ,\ rrrt, t:i
Itrl rutlul;rl rllrlt' ¡ttotlr I '.rtll rrt:tlr'lr (luirrrlrl,rlirt'li, ot
(lltitlilitlt\,'¡t , '1ttlt'tltlttlt ol ol):(t\itltort. tllil lll {l()llrt'
',o rrill ¡rtori.lt' rrrsilllrt ittlo lnt;)(Ì lirrl r('.(r\(rir
lliltiun(ltt:,, \u(lt.ts l()t¡lritli()n l)r'r¡rì('irtìrlilt, lro¡¡¡¡,1¡¡¡1

((ìn(lilir)n,; ltt¡ Iluitl rrrrti lrt'lrl Ilorr itl rlr'¡rll¡. ¡¡¡ ¡l

llrcr rrrttlytritntit: slltlc ol l ltritls lltt rlttp,ltottl tltc systctlt.

lrrcn il ittì tlrìítrrrlrigtr()t¡s (lttitllliltcitli()ll of lllcsc

Píil íililC1('t s ( iililt()l lt,: ltt:hlcvctl, il ttt¿tv lrc ¡rossittlt: ltl
()l)l¡tin eonslririn(r rvlrrtlt ir(r tt)i(:lrtl lìrl tttttclclirr¡1

rcst¡ v()ir r'(tslìorìsc t() cx¡rl0itltlitltt.
lrtlr sonlc (ìl lllc lcss r()url)l(Ìx ÉÌcolllcrttìíll sy:itctlts

(i.c., llrLrlt-clrittrlr'tl l(r\v l('rtt¡('rtrlrrrt' licltls) sttt'c('ssltll

lrl)l)licirti()lrs ()l luritlylititl ol scrtli ittl¿tlvlitltl lllc{lr()(ls
Ilrvt' lrt't:rt nt;trlt:. l llc lcrv crltttt¡llr.:s ¿lv¿til.ll)lc to tlltlc
sulÌlic:;l llrirt ttirllilitl slltlt'tltotlclitlll is;lll ittt¡rotlilttl t:rltlt

l)orì('rìl 1¡l ¡¡ ¡ottt¡tlcltcltl;it'c le ltcl voir ltsscsslllclll. II

itpllciils l() ht'lltc ()llly \vit) irr rvlricll il t:tlltsislclll scl ol'
inrti;rl:rrrtl [rorrrtlltry r'tlttrlilio¡ts lìrr c.r¡rloitltit,tt ltttl<lt:ls

( 1ilì lt(' tlt:r t:1()¡tccl .

t,,\ I't,( )t I 
^'iloN 

l\,lol)1,.1,¡N(,

'l.r:,ls,rl,r r(s( r\uit tti¡'ittr'tt il¡tlt¡,l, t.lt¡ll,tlitttl t'f'
lltt' ¡'ettr'tltlittl' t;¡¡r¡¡¡ ¡1y rtl ;t licltl lrlrtl ,tl rvtll tlctlilrt'
r irl(':i lrì(l er ;Lltlrlio¡r ol ;tllt't lt¡tl ivt' rlt'r't'lt)¡ttl('lll l)litlll,,
'l ltt's,' l:rsks t rur lrt':;l lrc ttttttttll'lisltt'tl lry tlcvt'ltrllltlS lt

¡rr,rtlcl llr¡rl rn;rkr:s trrttt¡tttlrttt:,i\'u trsr',rl.rll.n.rll.rlrl.'
licltl rlrrllr. l lr(: ttt()\l ittt¡totlltttl licltl tllrl;r illc lll(:
rc:;t:rvoir l)r(ìl)crlics (¡rcrrrtt'rrllilitit's rtlrtl ¡toror;ilics), tllc
llrr'rrrttlrlytrltilìi(':ilirl('tll lllc sVslclil (ptc:,stlt(', l('lììl)('lil
Irtrc, ¡rlutst' slrluritlto¡t, irttrl r'ltt:tttie,tl ( ()lrc('rtltitli()lt (lit,

Irilrrrlion:;) lrtttl lltt't'r¡rloilltli()tt lìi:il()ty (l¡.tttsic¡tl llo*'
r¡rtr, crllì.rlpy, t:ltcrrriclrl t'lt;u;ttrlt'rislit:s ltltrl t('\(:lv()¡l

l)rr'ssÌnt'), ll ;rll ol'lltt'rtc (lrìl:ì .ltt'ltr:tilttlrlc, il is ¡ros:,ilrlt'
l() eon:ilrilcl ;t Iilorlt'l llìirl sll()tll(l llr' ltlllt l0 tcll,tlrly
Irr'tlicl llrt lttlrrrc lrclutriol ol lltt'r'¡'t¡,'',,. llrlrvtvt'1, ill
nìr)sl (ll:i('\ lltc tltrllt st'f ir, irttot¡r¡rlt'lc lttt,l:,r'llrillrilv
lill¡(ll(s nrrtsl l)r' \'()lì(lll('l{Ìrl rltt lllt' tlt():;l ittt¡rotl;ttrl

Iill illll('l('l l;.

Wlrt'n rrrrt'r¡lloil:ttiott rtltitlt'l i:r lo lrt rlt'r't'ltlPetl. lllt'
nrrrlll'l¡¡¡¡' lr¡r¡rtolttlt tltkc¡¡ slrot¡ltl lrr'llitsltl tt¡rtttt lltt'
rrlrjt'r'lir,t's ol llrt' slrrrlV | 1¡rt;rlly, orìr' lrclrls l{ì ()lll:tttt
lrÌs\\'('rs l() ()rì(' ()r rìì()r(' ol lltc lollilrvin¡' t¡ttcslirrlts.
(l) Wlr,rt rs llrc ¡icrtcnrlirìf,. l)('l('ttllrl ol lltt'sy,tlcttt'l
(l) Wlì,rl r\ llrc lrIl)rolrtiltlc r,''cll s¡rlrcirt¡"/
( l) I lou' l:l;l rvrll tltc ¡rtotlttction tvcllr; ticclitrt"l
(.[) I lo*' u,ill tlr,'ir\'('ritli('crtllr;tl¡r1' ,ttltl t'ltt'tttisltv ol lllc

Irl otlrrt ctl I lrritls cluut¡lt' rvtl ll I i¡rrt'l
(5I Iltrrv rvill inieeliort;rlltrt s',. 11 pct Iolnl¡r¡rtc'l
(ô) \\'lr:tl i';llrr't'llr'r'l rrl ittjt'tlitrltortlotllr l('tttìtc;ct \'()tt

lrcllrviot i
1 / r \\rlrt'rc rlror¡ltl ilr tct t iort rvt'lls lrt' lot lrl,'rl lrttrl ltotv

'.ltoultl lltt'\, lrt' ( ()rììl)l('tr'(l'l

Ilt,' r¡tu()ti\ lVlì(''r ol rtplotlltl¡o¡r llorlt'l', lr;tvr'
tlrlltrtlll c.r¡r;rlrililir'\ li)r it¡r\\\'crirr¡lIlrt'rct¡rrt'sliorrs. I i¡'.
I ;ltrts's .;,.lrt'lrt.rlir'lrllr tlrc tlillelt'¡tt rrrolll'li¡¡¡'
illll)l()iltll('r.

I lt,' luntllt'rl l)ltluìl( l('r rttltlt'l t rrn:r:,1" ol rt strt¡llt'
tt',r'¡ltrit l,ltlt k rr¡llr ;rn ,trllit(r'nl rt'r'lt.¡r¡,q l'lor'k. ll r';ttt
o¡llt l,t ('\l)('r'l('rl lLr I I\('lr ¡out'lt r'.,lirtlrlc ol ¡l¡¡ ¡','¡¡,
lirlllll, { itl'irr'il\,. irlllto¡¡¡'¡¡ ',,',t'litl irtrt.,liri;tlol', it:ttt
irll(nrIlr'tl lrl lt,t il l,r nltl(lr ('nllltll,t ;tlril ,ltttt,it;,1
tlltl,t. I ltt' ltrtrl't'rl Ilu luìt('rcl nt()(lr. l \ rì()l ( itl)irlì11 (Ìl

lìt.,rlir.l irt¡ l,'l'1, rt.r r¡ , lt;r¡r,,,., ¡ì ( ¡l lrlrl¡rir ., :trrrl , lrr.¡t,¡, ;,1



:il '1

(:()D((ìtìltíttiolrs l)cclttlsc lltt: ltlttg-tctttt ctttltitl¡lrt:s lttttl

clrt:ntir'ltl t'()tt(:crrtriltiorls \\ill lltl lllost: Ilorvilr¡i lltttll lllt:
lt:clutr¡lc [rloek illlo lltc tcsctvoil [tl<lt:k. l'lrc lttttt¡lctl

rvt:lllicltl tttoclcl, i¡r rvltit:lr llrc crttitc rvtllllit:lrl is

rt:¡rtcscttlt:tl by:t r;irr¡¡,lc ol lt lì:rv plitl blocks, tttltv givt'

trcttr:t csti¡turte; ol tltc l'.cllclrtliltg t:it¡litcily. lrl ltltliliort
il lrlrs tltt' t'rr¡xrhililv ol ¡rttrtlit:littg tlrc lotlg lcttlt
clriu¿rctcrislics (t'rrthirl¡ry ¡ttttl cltcltticrtl t:tlttt¡'rosiliorl) ol'

llrt: ¡rrocluccrl Ilttrtls. 'l lrc ucll b1'-rvt:ll ttttltlt'l lt¿¡r; lltc
r::r¡llrbility ol' utltllcssittg irll tlrc t¡ttcslitltts listctl ltlrovc,
Irrrt Ior rrrosl t'olrrplcr gt'olltt:tttt;tl rivslctlls il rvill lrltvt: itl
bc ltrlly llttt:c-tlirllcrlsiorral.'l'llc tlt:rt:lo¡ltttctll ol st¡clt

rrrorlcls irrilrally tt:t¡ttircs stttrstitlttiltl llllllìl)o\\cl :tltil
r:orrr¡rrrlrrtiotr L:,\lr)(lìs(: lrl t:¿tlibl¡tlc tl¡c ltrotlt:l itgitirrst lrll

availal.lc rvcll tlrtl:t.

l,u rn ¡ltr<l -n'clll'iekl ¡l¡orlcls

l.trtll¡rctl rvclllicltl llltltlcls c¡ttt lrt' ttsctl lo c\lilììlìl('
llrc ¡'t:rrcr ;rlirrg c:r¡rrrcily ol l syslt:ttt. [\losl ol lllc lltotlcls

tlcvelo¡rt,l lirt gt'olltt:lt¡lttl tlcltlr- ltrt l*'tl tliltlctl:;io¡l.tl
rucrtl lnorl,'ls, llttl sotì¡(:;rte vcllicltl er()ss i(:( litllts tlt lrvtr

rlinrttrsrotrtl r z ¡lltrtlt'ls
ll lt lrt,ti tli¡rlt'rlsitltrltl ltrtrr¡rctl rvcllllcltl lllotlcl ol it

¡it'ollrttllr;rl licl,l i;, lt¡ lre tltltlo¡lt:,1, ()¡l( llìllsl elr¡cltlllt
(l('l('r ilril(' rVltit'lt lvltc ()l ttlotl,-'l is tlrosl ill)l)lol)lilrtc (i.t'.,

lrrc;rl,vt'r litltlr'rtlsl;scclt()tt ,olt / tttotlt'l). 1'ltt'tlltlltllt.tl
*'ill rnorl irtllucl¡cc llris tlt'tisitl¡l lltt: lllt' ltvtlto¡lcolo¡lit'
r¡rotlcl ol llrr' Iicltl, lltt. lcllll)clilltll(, l,lLs\tllr-, .llltl
ul¡t.ilrrt,rl (()n(r'rìlrllli()lr 1l¡.;1¡ilrl¡lirrll:. irr tllt' llilltll:ll
slrrle, lultl itllt'llt:rl l).lll(:ttts ol ltltlt¡llrl lltlrr'. ll lltt: ¡lc,r
llrctrllltlltttotttltlyltltsltttlt¡'¡ltr)\illlill('til.t¡l;tl !(()lìl('ll\''

Nttt¡x:rtc;tI tv¡tl tt¡tI itt¡t ttI qt'rttltct t¡¡¡tl sysIt'ttts

llrc t z nltltl,'l is rttttelt ¡rlclcllctl ovtlr lllc otllt:rs. lt
rtllotys t;rlltct ¡lotltl vt rtic:tl tlcl'ir¡itirllr ()l'llìc rcs()tlrcc itt

it rìl()(lcsl c()ntl)ulittg t:ost (tr goocl t:xltlttlllc is tlrc

rrrotlclirrg tll tlrc llcbcl licltl; l,i¡l¡rrrr;trltt & Iltltlvltlssoll,
l9¡15). ll lirltl (littít irr(licrtlc lltltt ttrcltatgc Ittal trc

¡l clcrcrrl ilrlly l t ot¡t strttlt: rlilcctiott, a lrvtl,tlilttcttsiotlltl
lrrcll ¡llotlcl is trst¡itlly llttl tttosl ill)l)rolllilltc. ll lt¿ts lhc

tlisrrtlvrrttlirgt: rll ¡root vcrlitlttl lt:r;rlltllitl¡l (ottc lltytlr';

P.tavily rrcl'.lt:ttlctl) llì;ìl cittt lt'lttl ttt stltltt: cttrtrs (lìattst

ñ N4crt'ct, 197')). lltttrt:vrtt, it lrlts tllc ctll)itl)ililv ()f'

¡rtrrlclinp, l;tlcrrtl ¡rcr tttL:ittlilily bilrl icrs nrrtl rrrtrlti¡llc
unl lorv ztltlt:s.

lrt ¡lcttcr:tl, tllc ltlltsl íìllr:lctivLr trl (ltc lu'tl clitttc:trsio-

rrirl lrrttt¡tcrl-rvclllicltl tttotlt:ls is lllc vcrlicltl '.:ross 
scetio¡t

nì()(lol lìc(irust: ol'ils lirlritctl ttrt:ltargc clrpaLrility. Sttclt i¡

rrrtrtlt:l rrur1, [tc lt¡r¡lttt¡-rlilllc l()l ttltlttr¡tl sllltc stt¡(lics,

cs¡rr:rriltlly tvltcrc p¡cssr¡tt: grittlicttts itlt'l'llirly ttttilotrll ilt
onc tlitcctrtllt ¿tttrl lltc closs llorv is tlrcrclbrt: rlcgligiblt:.
'l lris ic lltc t;tst'rvillt ttt:lllv ¡'ct¡lltt't¡lr:rl l'iclds. IIorvc'vt:r,

rlrrlirr¡l cx¡lloil:tlittrr. iì llìrcctlitllettslolt¡tl l)rcsstll(:
iìrrorurrlV is ttt'ttlt'tl lttttl ttlt'ltltr¡t,t: itllo tlrt: rvclllicltl

¡icnt'r'rtlly ()eettls lltl¡ll ;tll tlirt'clitllts. 'l lrc lrvtl-si<lctl

|ccllitt¡ic iìlirìllllll)liotl ItLlilt illto lltt' vt'tlit';tl t'ross st't litltl
rrrotlcl is itlr¡l¡tto¡tti,tlc lìrt lllost gcotllr:ttttitl syslcllls
(li¡r¡rttuttrt ,t llotlr':tlssorl, l()li ì) Atl cxcc¡rlittlt is lt

syst('nr rvillr vcr\/ slt()tt,ì vctlic:tl rt't'ltlttgc (c.li., ltoltl
rlc¡rflt).

I'lltct tlrrrrt'ttstottitl lttttt¡rctl rvclllicltl tllotlt:ls rvilll
trl t:oursc ¡livc tlrc lttosl tlctlrilctl tcst¡lls ol ltll lrtrrr¡lt:tl

rvclllit'lrl nlotlcls. Al lttl t'tlttlt¡rlc. lct tts ctlrtsitlt:t lllt'
¡r¡rrtlr'l t)l lltc ll;rc;t ¡',r'oltttltttt:tl licltl, Ncç l\'lt:rit:,1,

tlcvt'lo¡rt'tl lrv l'rrr',1 t'l;tl. (l()H.[]. liiP. I sltotvs ¡ttl ltttlill
yit.ry ¡l tltt. r,t ltl rrscrl . I lrt, ¡lr irr¡rrt, l)utlìosc ol Ilrc

rnotlclrtll ¡;lt¡tlt' tv,t:- lo .t:;scss tllc itttltltct tll gcolltcttrtltl
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l)()wr'r' l)rotlrtc{irll¡ rvitllirl llrc Vltlltrs ('lrltlt:líl oll ll

slurllorv gtorttttltvltlct svsl(Ìlll ()tllsltlc Illc t:ltl,lt'tlt l l¡t:

ntiti¡r Ëcollrcttrtrtl tcsctvoit lt¡ltl Ilrt'rirrll Illte(t¡t('/()llt'ill('
tcl)rcsc¡ll(Ì(l lillllcl c()ltlsclv ilt ()l(l(:l to lìrllorr tllc llr¡itl
tl¡rv plrltcltls lrt littllc tlistltltccs ttorlt lllt ¡ictllltctttt.tl
l iclil. 'l llc ¡notlcl rvrts irlit i¡llly clrlilrl ltlctl lrlllrirlsl I lrc

rutluntl contlilirltls otrst'tv,.:tl irl tlrt: lit:ltl (ttltltttltl r;lltlc

rrroclcl) lrtì(l I lrclì ttsctl to itss( ss I ltt' ¡it'ttt't;tl itlll t ;t¡lltcit 1'

(}l lllc rcscll()ir ttrltl tltc t:llccls ol cx¡rlttitltli{)ll ()lì lllt'
slrrllorr ßt'oull(lwlttL:l syslctll.

\\'cll-h1'-Wcll M otltls

lrt tlcvr:lollirtp rvcll llt'rvcll t¡totlcls ()lr(' llìllsl lil'\l
tllrl;rirt ir lìisto¡y ttritl\ìlt rvitlt lrll Iclcvlrltl tllllll. lrrlt clttll
intlivirlrr:rl rvcll tlrc tlr()(l(:l i\ (ìitlil)litlc(l illiilillsl tttt:llsttlttl
Il()w riìlcs rtrrtl ctttlutl¡ries lttttl, il'¡ltls:'iblc, vltliltliotts rll

r'lrcrrit:;rl (:()nìl)()siliorì (tlissolvc,l solitls tlr ttottcotttlcll
r.ilrlc ¡lrrsc.) ol llt.: tlirtt:ll:tr'¡lc. 'l'lrc ¡l¡otlcl sltrrttltl itlso lrc
t:rrlibrtlctl irl',iutìsl tlrc obsctt'ctl lcs(lv()il l)l('\slll(:
tlr:r:lirrc. Srrbsc:tlttc¡tlly, ¡rt:tl'orttt,tttt:c ¡ltcclicliotls lìrt ilt

rlivirlrr:tl rvclls ;ttttl lìrr llrt: trrrlitt' lit:ltl t::tll llc tttlttlc.
As lttr t:xitttt¡rlc, rtrt rtlcrtl vicrv ()l tllc 8,ti(l t¡s(ì(l ilì il

ruotlcl ol tlrc ()lk¿tr ilt, Kttllv¡t,:iy:;lclll (llotlvltrss()ll (:l lll.,
l()lJ7) ir; sllo\v¡l ilr liill, .ì. Ntlttr llr¿tl llrc ttorlttl ¡roittts ol'

¡ltitl [rlor'ls.) llrlo¡¡¡'l¡ J6 t'ortt's¡rottrl lo ltt'ltlltl stltllttt'
Iocutio¡ts rll ()lkirri;r rvclls I lltrott¡1lr 2fi. Wltt:¡l sllorl
(clrrr (orr tltt' rlt<lt:¡ ol ltlotlllts) lltrrv llttc tttttl tlttlltlll¡ry
bt:lurvior ol rvclls is lo llt:ììtitlr:ltc(1, tr gritl sttclr its lllt ()ll(:

..,lrorvtt ilr Irill..l is (oo e()ltl-\('. llotvt'vt't ,;t r;rlisllttlolv
nutt(:lr willì llru clrrly littrc tlttlit (ìiìlì l)(: olll;tittctl lrV

clltrt:tlrlirtfi it t¿rtli¡¡l nìcsll itllo llrc tlritl [rltlt:ks tottlltittitl¡l
llrc rvr:lls (l'tttt'ss t'l:r1., lt)l'1.1. llotlvlrrss{)ll (:l ll., l()1"i7).
'l'lrc 

'crticltl 
tlilllcttiitltts .l tlrc gri(l lrlc plilllillily

rlt:lt:r'nrurctl lry llrc locitli()tts {)l \v(:ll lcc(l z()ltcs.

G.S. llo'lv;trsot¡, K. l'¡ ttt':;s ¿ttttl M.'l I r:¡t¡trrt;trttt

{) ()

;, I r'(!rr')

?t !:t

'I lt,' lustolv nìltlcllrttll l)r()((Ìss ittvtilvt:s lltll¡lcrotls
iltlrtiotts :ttttl ¡rttiìrttctcl lttl.ittsltltt:ttls tllttil il Icits()llltl)lc
ltl't c('ilr(:lìl rs ()lrltrr¡tccl wllll Ilttl Iitlrc-tlc¡lcrrdcttt

¡rorlrrcliorr ltrsloty. ltlclrlly, lt tttltlclt rvillr llrlrv ríllcs iìll(l
cnlllirll)ics ol rtll ¡rrorlt¡tliolt rvclls, tlorvltltolc ¡rtcsstttt:s
in otrst:rvrtliott tvclls, lttttl ll¡t'!ì()ll(:(:lìllilli()ll ()l tlissolvctl
:,olirls lrrrrl n()rt ()otì(lctl:,ttrlc llttscs lll lll(: (llsclìílrgc (ìl

('ir(ìlì w(Ìll :;lloultl yir-:ltl lt lillll(rl lllli(ltrc sttlt¡tiott. ltt
¡rnrclicr', lrrlrvt:vt:1, lrislory tllillcll llì()(lels tttlty lclltitt lt

t:cl lltill lllll()tllll ol irrrrlligrrily Itt:tllt¡st: ltviìillll)lc rlill:l
It'ntl lo bc ittcottt¡rlcltr, ¿t¡ltl bccltttsc tltc scclllt: rll ¡t

rrrotl,'lirrg. cl'lort sill tre li¡rlitctl lly tosl collsi(lctittioll
(u.rul r lrrltl i l iotlr l t:ttttt ¡rrltìctlt iì(l(ls ()ll(l (Ì(ltlíll i()ll ¡rcr gricl

block).
Irr gcttctirl, ()lì(ì itllcllll)ls to tllltttlt clltlllllpy l()

rvillrin l(X) l(X) k l/kg (*hit:h is b;.tsit.:ltlly tlrc tlrrtl
rc(ìr¡m(Ìy), ¡ttrtl llorv Iitl(: lr) rvillrilr I k¡1,/s. 'llrt: ltistoly
ur.r(clr l()r lrll rvill !liv('cstitltltl(:s ol lltc l)cr¡llcltl)illly lìlì(l

¡rolosily tlistr itlr¡lirlll ilt tlrc systcltr. lrig. 4 sltorvs st¡t:lt

rt:rrrrlts lor tllt: rv,.'ll-llv rvt'll lttrttlt:l ol lltc lrvo pltltsc

rcscrv()lt itl Kt,lll.t, Ictlittrtl (l'tttt:ss ct il1., l1)l'l'l). ltt

orrlcr lo n¡ulr.:lt lltt tlrscltlrr'¡.lc ltisltlr y, f .l Irr¡tlcrilrls rvitlr

tlillt:rcllt ltyclrolo¡iitrltl ¡lto¡rctlics (llcl¡rrcirbilitics lttttl
porosilics) rvclc ltct:tlctl . Ilo$'cvct, llrc vltliltltotl is Itol

llulic, uillr ll:tttr;rrtissivity virrf ittg ltorrr ().1'l to'1,0 tl;trcv

nl('l('rs rn(l p()l()stlv ltottl ().7 lo 5'70. 'l ltr: Iristo¡Y lrl;tt¡"ll
yit:ltls tlrc l)tuisttlr:, lcllll)ctillrtrc, lttttl vill)()l silllll¿llioll
c()rttlili0¡rs Iltt()rt¡tltottl Illt: syr;tcltt lrt ltll Iittlt:s

Wlrt:rt l ltt: lrist or'\' ¡ttitlt:lti ttB is t ottt¡tlctctl, ( llc ¡tltltlcl
t';ul lrt':r¡r¡rli¡11 lo ¡trt'tlit'l lrllrrrc Iit:ltl ¡rt:tlottttlttlcc Iot
viuit,us cxploilitlir,¡l iiccllitlio,s. '\ tt¡lt'()l lllllllll) is tllill
rtrliitlllc ¡rlctlictiorr:; clttì ollly bc tltlttlc Ior lts tllitlty ycltts

lrs Ilrc ltisloty rtt;tlclr ¡rt'titrtl. Ilorvcrct, itl ttltlsl citscs

¡rlcrlrclitllts lot llr¡¡¡'1'¡ P('li(l(l\ ¡ttt' rlt'sitt:tl ilì ol(l('r lo
olrlrrr¡r csluìtitl(:\ ol lott¡l lclttt lrt:ltt¡viot ' \A'ltclclrs ¡ttosl

¡rroclcls clrt ()ttly.tsscss tllc rtvt'tllll licltl tlr¡llrcity. llrc
rvcll lly rvr'll tltotlcl:l cittl ;tcltlltlly l)lc(li(rl lttlttlt:
¡rt:l Ittt rttilttcc ol lrll crisllrr¡', rvt'lls, lltt' ltt¡ltlbt'l rtl'

lrtltliliorlltl rvclls llcctlctl lttltl ¡'rtl¡lct spílcill¡'ol tttitkt:-tt¡-t

rvclls. lìot (r¡ltrttl)lc, llrc ()lklrilr silllttl¡tliotts sltorv lltltl
tlrc ¡rrcscttt rvt:ll tlt:ttsily rrsctl,20 rvt:lls/klll'(22-5 tll

ril)tl('rtìg), i:; totl lti¡llr lttttt tllltl ir $'cll tlclrsity ol lt'ss llt¡ttt

I I rvt:lls,/k¡rr'(.ì(X) rrr spitcirìH,) shottlcl trc ttsctl ill Itrlttrc
tlrillirrg (llotlvtttssort ct ll., l()ll7).

I N.t t,,( : I t( )N MOI)l,.l,lN(J

Iiot ntosl Scol lìclrlr¡rl licltls rcrrr.iccliott ol cl lltrcltts
nlusl t)e r()ttsi(lct(ì(l irr ¡llctlietiolti (ìl lllll¡rc licltl
bt:ltitviot, bccuttsc tcittjt:cliotl is Iltc ¡rtt'lt:l tctl tlis¡rositl
nt('llr()(1. lrr nrotlclitt¡l ittit:t'liorl Illlllly c()llll)licittittlts
lrrisc, cs¡rccilrlll'uitlr tc¡.iitttl lo lltc Ittovclllc¡ll ()l c()l(l

rvutcr lrottl:,;ìtttl ¡rrrssilrlc tllt'tttir:¿tl lc:letiolì:i lrltcrirrg,

¡rolosilics lrtrtl ¡rcttrtt'ithilitics ol tltc stlbsttrl¡tt'c rocks.
lirg. 5 sclrc¡¡tli(ìtrlly ill¡strirtcs lr l1¡rir'll ¡trorlrrcliolt
irricrliorr syslrnt Iol tt rlottblcl ltt.t ltltll¡tt's tc',crvoit
I ltc ltirelttrts lllitv sl¡otl-ci¡etril llt'w llclwctl¡t iltjct:tiott
rrtttl ¡rrotlttcliott rút'lls. Attolltt:t ¡rotctttiltl ¡rtttblcltt is tltltt
llrt'sc¡ritr:rlctl rvltslc \r'il(cl lll¡lv hceotltc srt¡lt'tsit(tttltlt'tl
rvrtlr rnincrlrls-

ligtrre .l lltt'rtttlttcrir'¡tl ¡¡rirl ttrtrl lotlllcrrcll lrt rvtll rrrotlt'l ,rl tltr'
(ll[¡rr¡lr l¡cltl. Kt'¡l\'t (illlcl lìt'tlr¡ttr'.,rlt , l .ll . l(]¡il)
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(tg()l ¡r: l.r À,r¡rr.r1¡) stt.t.r¡¡t:tl,\\()ll l)llìll ')tlltt¡1.)lrl) l)(lll
'il)llll.l 'rtll l() tll',ìll() rt¡¡,i¡rrtl\ (ll l)'llllto¡t;ltl;tll:5tl()llìÌllìr
ltt.) ll;r:ì ìJt¡tIttt¡'rll()llll.rll¡l(lll llllllll.)ll.ro.lìJ,(tttttrt tt¡

(l'Xfrl lu t.ì ll,)l)',,)lì1.1.)

.r^()(¡r llrr)¡.1 
^\()l.lttt 

l.)lì:.\\ l)l()'),i.¡tttt.r¡rt ¡l.ltl¡'rt¡ ),\llll st¡()ll

u.rlil.):1il().1 ll:lllls l)tlll.)l)ll()llll ttt s:rìltttlt¡.'l l)lJtlA\'().)lx')l^l
'()l.ll.rrl {) u.). ) st :r¡tltttt:x.-r ll\slllJ V \ll.) lll .)ii.llltlJ,ì l

l() s¡u(ìl ttotllttpo.ttl l(t.)t.)llll) ttl().1.1 \lìllll¡ .¡o'.ltttrtttt
)lultl)ril UU.) S)Sllil:)l(ltstl.)l)ll().ìll()ll l)llll sl)ll()s l)J^l()lisll)

l(r slr()ltll.lltl,).ìtl()) lll s:liitttlt¡.'r ltl)lslllll.l. ¡lltlo¡.rl'r¡t
duril(l J rll slJl)()ttt i)lì)ls llr.lll ll:tl tliltl \\ JI(llrlìlll^ Á l,)^

st uollt:ur.t('.lttt.¡tl:rtl,{¡ stlll:s.)ll(r7,trtl¡¡tltl.l() \tl()lll'.)()l

l)ilu ll(),\.lJ'i¡.1 .)ll¡ lll stl.¡¡lltltl 
^\()ll ìlìi)(lll lllllllllll t(ì.llll

¡l¡orÂ trtlr ,{.115-lttl.lll:l l)llìl.l Jtll tll sll()lllll.ltr/r ¡tlt¡tltl'l
.lr¡l'.r¡rlrtttlr,t.ttl,¡ sttott,ltt¡ttttl (;';Jl tll)lll 'lìlllll'¡.)tll)ll
's¡¡rts.r.t ilttt¡;-t¡lttttt Jtll tl() sllllll.llsll()) llÌllrìtÌl[)l)ll ;tAl'i

t¡l'r.l srìlurltl) iìs;)(ll.l() litlllJl)()tll ltl.l. sl)llll¡ ¡lllltr¡lottl ;rt¡l

Ul l)il^l;ì'i(ì(r J.ltl sltllll:llJ lllJlstlll.ll l)llll:jlll')tl0(lttttt:r;l::lrt¡l

¡titttlt¡tlt¡tt.rrll():l:)tll tll sllolltll.lÌi^ llÌl¡tltls tt'r¡¡tt 'lil\:l^\()ll

'r.nÌ i.ri)rl.l. '(sstrttt ,tt¡ (7, L ) s'lstr:j ,rl(ll5-l¡Jl)llortl()tl l)tll:
(rrrrltl 1¡¡1¡'1¡¿ i) )^l)llo\ I)l^l()ssll) .lo sltlll()ltrl: 'ìllÌl'rlìotll
rllr^\ sl)llll.l tllllll¡()¡ \l)l)l.l ¡t:ttr trt¡lo;tìi ls()lN

:)Nl't:,tflo!\t,l.N:'lN().lt\¡o,)-l l,'l lt\J

'(ttltrl ' ¡t: t'r s';'rtr I'¡)

5-l)l)rlì:lilr ¡t'.rrs'{t¡tlo.l:i l() (ça()l ',)lll()l¡ ry tltr¡¡tl¡¡ l1¡16¡

'u()sslll^l)()fl l' l,s.llll(l)sl5^.)1 .1.).ìll.l l Jlllstì '-lltttl'r¡tl: ¡JllÌ^\

l)l()r.)tll ¡.rt¡r:tttl <l¡ .r¡t¡ts:-rttl lrt¡ Átlttt ¡t 't.ln.l,lto¡I slll'll\^'i

lìIil r.)llloJil l\otll l().1 )ltllllltlr\l: l()ll sl tlollllttl.l{r.llll llllll-
'(l.B()l 'rr()5-snr^lt()ll ry ss.lll.l(l) rtl:rls,{s rt¡l tlt stt.ll'tlltlil

.1.ilìl.ll).r,1 llll ^\otll 
()l { lt'ss¡¡¡tl :il ll ).lllll^l)ll .lirll)^\

l)l().1 Jrll ¡.tt¡r.tttl ol.¡Jl)l() tll sl)llll.l I)i).)lìl)()ttl 'rt¡1.¡tt
:rrrtt:.r.-rrlrtt.rt l)ttl'^(lll:lllllJ Jtll ,):)lll)Jl l)lll()^\ tl:)ltl^\ 'sll'l^\

ilrrr:tn¡to.ttl Jlll lll lllJll()llllìlrJ.l(l il.lrìllllll;rltl st t¡oll.r¡l.ttt

ri

r.)lìr,\\ pl()J rllt\\ l(t.)l(l()ttl ¡tlt¡tt.r¡otl Jll() sl)l)()lll.lllll.rlfll

l() Jsll .rlll sJlllll\sJ.llll slll().1 I .l'llll^\ |lo.) .l() :{l¡ll.)l)()ttl

.lrll ¡ r.)A.),\\()r¡ lsttt;rls,4s l).lllll.rllll l()l sll()llllttltxtlltltlt:

l)(){r:ì ¡,\l:ì r¡.lll() ,\lltt¡ rll¡l)olll llllìl|l.ìttt stìo lotl

'iu(ìlltÌlrtJlt:J u()ll¡l¡t()l(lx.) l() ltl.llslllltl.-lltlss¡.ltl ltll,)liìll()l

t().,1 sll.l¡t ll()ll).lltll ttl().1.1 ,(tl,rr,: lll()l.l lJlll^\ l)l()l
.)tll .lr) J.rut)r\l)ll Jlll Jrlll.ll)()ltl (rl tl()sl lll(llll().1 lll l).llÌr\\ ltt,l

lrlìJil:.¡l:; lillllì:l sl:;.¡l(),\.lJ:;J.l llltll.l.)tll():)ll tll slll¡l:;tllrl¡
.)ilìs)-J.¡(l ilo sl.l).1,1;l ttotl¡¡lttt .lo lJllllJl)oltl Jll l.

(çBt'l "lt,
tJ u():is.n:^l)()tl :itl6l ' lll lil .l:)l).1().llll¡r^) ¡rlr¡llrlltt s¡¡.r,lr tltt

.llulil.l().li)(llllll(l .ltll ).llll)J.l l)tltl s;).lllss').1(l tttt:lttttlttt tl¡:'lt¡

()slll uù.) ü.iloÁ1,)s-.)t.tstlt¡tl o^\l tll {l()ll:lJllll lllllll)]llll))l(l
u;l;)(ì \utl lr 'Ál ltti):lrll :) lll lll lllll .l(l l lll l)J ll¡'lttlllr()l) lllA\
ui),ì(l stll ì-.tlo^.ti)s.).t .lstlt¡tl 'l¡lltrrs (l¡ J lllss,) ¡tl tltl,r'¡¡:l¡ ¡

.iullnt:lutultt ttl lloll;lJltll .l() slll;lll.l(l :r¡t¡rssotl llt¡ ¡,

'ru¡ll;Ás
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G.S. lJt¡tlwt¡sutt, K. Pt tt,ls.s ¡tn(t M .1. I t¡t¡ttrt;ttttt :il/

Arr cxirttt¡llt'()l tllc t¡fic ()l lììlllli L()llll)()ll(:lìl ttttltlclrtt¡1 i:;

¿livcrr lry Llti t:l ¿tl. ( l9tl5) I ltt y cotrsitlctt:tl tl:ll;t Ittittt
tlrc Illlirlulu g(Ìollt(lrrlltl lit-:ltl i¡l leclltlrtl tlt¿rt sllorv

[)rtsslllc, lcllllìclitltttr:, lttttl silicit tlctllirrt: ilt tllc ¡t'stlvoit
rltrc lo t:r¡rloilttliott tJsirrg lt :;ittt¡rltl lrtllr¡rctl rvclllicltl

rrrorlcl llrt:y tvr:lt::tblt: lo ollllti¡l t:slilllillcl; ol lltt: ttÌ\cl\'()il

vrrlilrilc rrtttl t'llì:t:livt: ¡rorttsilv ill ittlrlilioll lo pt'ttltt'ltlrtl

iry u',','r'', lot tltt: t(Ìs(ttv(rit lttttl lllt: t::t¡rtrrck. ,\lltlllrt't
cxrtrtt¡tlc is I lrc tttotlt:littg ol ¡ ltclo¡t I t ittt';¡rttt I itt

!corlìclu¡itl sy:jlcrìls, tlisctlsr,ctl ltv Scttt¡rtilri & Krr¡tlc¡'

(l9fl:l) 'l'ltct, rutitlyztrl lltc llitttsicttl t'lt;lttecs itt tlrc tlttloll
c()nl(ìrìl irr tlrc tliscl¡lttg,t: tltttilt¡'. tllitrvtlorvtl lt':;ts lttttl

lorutrl it tt:¡tstltt¿rblc ltlil(tcllì(:lll rvillr tlltllt tlbst'tvt:tl ltl
I lrc (icyr,c:r:i lilttl ( r'lto l'liclo ¡',t:ttlltcttrllrl Iicltls

,\l; l¡tt:ltl iottctl t:ltt lit'l I lrt'l t' :tl t' l illtlr rvllt't c tttttll i

(r)rììl)()nctrl rtrtttlt'littg is csscrtli¡ll bcelttlsc 'rl ltiglr
(()rì('orìlltlitt¡ls ol' tlisrlrllvctl solirls (tl ¡i., Sltlloll Sclt,

('lrlilìrr rritr) or ttottcolttlt:llsil)lc P,ir:ic:. (c.tl , ll¡ tilrtll;rlrtls

;rtttl Nlttt¡ilt*'l¡, Nt:rr' T,clrllttttl ). Illl;c e ottslrltl('lìl\ ( lllì

n()l ottll lrllcl tllt' lltritl pl(rl)('llit':. (t:.tl., tlclr:.ilics'

rrrllrtl¡rit':. ltlttl vi:ltottsilit's) lrrrl ltl:;o lllt' lltt'l lrtotlt'ltlttrtit
rcllrtiottslri¡ls trl ltvtt ¡rltltst' tllirlrtlcs. N()ll(t)lltlt'lrsilrle

l',,r:(i lt.t\t lrtt¡l lììt)tlt'lt'tl,;trtttrttll tllltL'lr', l'V,'\tl:itt:lrltt t't
rrl. (l(rfi i), ZYvoloski .! ()'Srrllivlrrr (l()S0), l'tittl¡etl t'l

rrl, (l()lìl), ()'lìr¡llrvlr¡t t'l ;tl. (l()8\).

Stll\lllli\llì'

('('ollì(r'rrrirl syslcllls illt' (:()tlll)lc\ ltlltl tlyltltlllit:;
:,yslrnts rvltr'lt v;ttiotls llr'tlt,rl,'¡r,i,,rl. ll¡tlrl¡.tl, , llt¡tti.:ltl
:ttttl t¡tct llltltit:¡tl l)l ()c('ss('s ()('('lll . 'l lrcy l)(lss's:ì
intlivi,lrrrrl tltlrtlttltt¡islit:; so lllltl ¡ltl lltl¡\/(tslll lrlotlt'lrltli
r.lrirl('P,y rs lr¡r¡rliclttrlt'lo ltll of lllclrl. I lott't'\'t'1, trtorlclrtt¡'

Itu(lt(ìs ol gcolltcttttltl ttls,.:tvoi¡s itte c:'),(:llli,tl tlt ottlel l,r
o¡rlittrizc lltt ricvclo¡rttlclll ()l lì l('solllcc.

Wlr<'¡r lr L1('()llìcr rrurl :.y:;tcrrr i:, to llc tvtrlturtctl , ltll
ttlcrltttl lrt:ltl tl;tllr illusl [rr. irrtc¡lnrlctl irrlo lr torrcc¡rlttltl
¡loclcl. 'l lrc nlotlt I slrtlultl Irc rcrilicrl l)y n¡tturrl sllrtc
ruotlclrrt¡l llrcl llrc n:rluritl rrrlrss lr¡rrl lrc;tt lltr¡l:;l'c¡ i¡t llrc
riysl('lr (¡riuìlilic(1. lrr rlcltrlnrinirr¡i tlrr'¡rro¡rcr lr¡r¡rrotr,'lr
lil cr¡rl,ril;tlirltt sltttlit:¡,, t',1,Ì,, lurnpcrl ptuiultctcr',
Irrrrr¡rctl rvclllicltl ()r rvcll lry rvt'll t¡rotlcl, ()n(' nrrsl
elut'ltrlly tlclc¡¡rtinc \vltitl (lÌt(sliott:; tuc lo lrc lttltllcssctl.
I lrc corrt¡rlt'xrlv ol llrc Irrrrclt'littl', r'llo¡t slrot¡lcl rtlso btr

t olrsislclrl rvillr tlrt' (lu.ìltlilv lrtttl t¡rrlrlily ol lltt'
;rVirilrrlrlc tllrllt. ll r:' !'cllellrlll'lttlVi:lllrl('l():l¡lr'l rvitlt tìlc
:;inr¡rlr'st ¡rossilrlc rttotlt'l llrltt ctttt cr¡rl;titt tllc licltl tltrt:r,
trnrl il tllt' rl;ttlt lrllttrvs, irll( llìl)l lo i¡lt:ltttlc s¡lltli.tl rlt

l(llìl)orltl vittiltli0tt:; tll stlt'tlt:tl t:ltctttilltl r()llll)()llclìl:r.
I lrc ;rtltliri0lt ol ('\¡cll \ìll(' t{)llll)(ill('lll t::trt ¡'ivc ;tclrlt'tl

insil'lrt i¡rttt tl¡t'lrt'lt:tvirrt ttl lll,'s\'sltlttt' ltlttl Iltltkt'lllt'
nlorlcli tttl t t'r;ttl t :; lcsr ltttt llrp ttott:;.

Al ¡rtt'st'ttl il ltpptlttr, lllill lllctt: ltlc:;opllislilltlecl
rìr('llr()(l.l ;tr,¡ril;tltlL' lot tllotlt'litlr' !tr()lllt'l ttlltl syslcttt:;

(llotlvrrt:;r.ott el ;r1., l9H(r); lrorvt'vcr , lrip.lr t¡rrlrlrlv licltl
(lirlir iilt' ¡lt','tlt'tl. l.,r¡¡¡' ¡,'",t ¡rttttlttelirlt¡ lti:;lrrtit, ¡ttt'

lrt'itt¡l olrlltitr(:(l ill vlll iotts ¡Ìcol lrt'l tllltl l it'ltls rvrrt ltlrvitlc
('('(ìllr(rnrrl si¡rtul:tlot'.';ltotlltl lrt'lr¡l¡llit'tl lo tllt'sc tlltllt
irr orrlt't lt' rtrlitl;rtt' lllr'ltl lt¡ttl lo (l()( lllìì('lll llrt'ir

u';t'l t¡lltcs;; ilt lÌ,'ol ltcr ¡ll.tl | (':r('l v()il t'r ltlt¡ltliolr.

,\('KN( )\\/ ¡ l..lx ; l,:l\t l,:\ I s

Wc c.rlclttl ()ttt I' I ¡ll il trtlc to I llt.' St ltlt' I llt't:l I it l'os'cl
('rtrtt¡lrtttl irr lcellrlltl, lt¡ltl lllc Kcttl'lt It(lrvt't ( ()ll)l)illlv lll
Kt'tt;'lt lot ;¡ll1rs'irr¡l tt:; lo ¡lttlrli';ll tllttlt lt(ìlll llì(' Kl:lllíl
rulrl ()lklrlilt ¡ltolltt:lllltrl licl,ls, rcs¡rtclivcly. lllis rvol k

\\'ils su¡r¡r0tlt'tl llt, llrc r\:.sislitttl St:ttcl¡ttV lo¡
( 'on:,crvirlio¡r rrtt(l llc¡lt's'.tlrlc 'l et ltttolt'¡r,y, I)ivtsiott ttl
( itrollrt:l¡tr;rl 'I r'clrttololil' ol llrc tJ,S. l)t'¡rlttltttcttl ol
I ncr[i]'urì(lct ('orttltt'l l)ll .\( ().1 7(,Sl'(X)()9tì

lt t,:It,llt l,:N ( :l,ls

A tNtNS()N, l' , ('l l.A ll, l{ , ( ()l.lsl. R . KIJ('tJK. l',.,v R^N4lr\"
ll,l,, lr. l1)l¡l lltel¡tlotlYltltllltc lrcllitlit't ol lltr lì.tgttote
(icr¡llrt'ilr¡.rl I lr'ltl. (ict¡tlletr¡lic:, 7 lt{5 ll)ti

lr( )t)vAt,tsti()N, (;.s.. I'l(l llr:is, K..! l.ll'l'l\lÂNN, N'l. l l()t (r

lvlt:rlclrrrll of tier,lltr'rtlt:¡l sÏsl(rlì:i. .1. l'ctrrll. lc(11.,.Ìll l(Xl7 l0'Ìl
il()t)\'¡\lì:i1ì()N, (ì.i;., I'litll.';'j, K ,t ()':illl.l.l\',\N. \1 I l()!ls

' Iillceltoil ;rtttl l;tttr¡y l{((o\(lt ill I rittltlttrl (ìcttlltcl¡¡litl

l{t.¡r.ry¡ir,, S,rt.. l)ct. l1rll..1., l5:ì(t.ì ll_1.

ll()l)\,\lt:jS()N. (;.:i , l'l,lllljS:,, K., Sllrlr.^NSi()N, \/.
It.l()l(NS:'()N, lì.,V ()ll/\l\lll(), 5.11. lr)li/ ll¡c I rrsl ()l[:rrir
(ìr'ollrcilil,tlltcltl.kcltv;t,,'ll¡,ll(,lllìlll(('l'lc(lltll(rll:')l\\'(llilll'l
lic:ttvoil l)r'¡rltltrttt l. (ielrPlrts. l{e',tll, ltl 5'll 551

Iltll)l), ( lj...lr. l')/.' l'torltt,ttt¡'(ieolltclltl;tl Slr;tltt itl lllt'
(it'rrer: I tll,l :ìl'lr 'll i li. lrl(\( lrl((l .ll llr( ì()llì ( ;rltlolltl t

l{r'ri¡r'rrl Nlr'('ltìÌt' t)t 'ìl'l /\li\ll, ll,lte¡r'lrtl,l. ( rtltl¡rrtlt.t.
Novcllìl)(l l()/.)

lx'N,,\l lr:ì()N, I (;.1;l{\Nl. \l..\.,( ¡ll\l I l, l'l I()liì
Nott,lrtllr lir'r'ttrrrlr'': Ilt, llilllllill !.l,tlt Ut ll't t,tr lltr'r¡¡1,'l

lir',ertrrtl. I l'¡l l,,ll,.l5.llit) l()l
|.'\ll\1. r'l¿ ,\ \ll lìl Il.l . I\\ l(,/') (',"r1ìr',rrr. Il'i"(,\()rr

ljItìltl.rtt']il, ' l.lttrr.ttt,rl !,(ì ltlt,)tt 1,, ltttt,¡tr, l 'r I trl tt,l trt I

\irl)rìrl)rrllrlll,ll(rt llrtilrrtl,r'rllt.¡l 'it ltttr \\',rltt li"'rrtr lir ',
l5: ìl.l{'

l.AUSl. (',.1( , Nllll{('lrl{, .l .\\'., lll()Nli\5, \.1). ,l lt\l l l:Atl'

W l'. l(.¡ll.l (.)ltirrrlililll\(: ,\tt;tlyrl: rrl l:rirlitr¡l ( olttltli¡r¡t" rlltil

l)rorlttcltolt Sttittt'¡lttl ltll lltu lliltit (;(1)llìc¡lll;ll Sy:lctrr, Ncrr

lvltrir'rl, \\;tlt:r l{csotll I{(", l0:(,1)l'(tlu
( ilì,\N I, l\l.z\. l')¡ll (ictrtltr'llllltl l{t'stlvlit lvlt'rlclrlrtl

( ilt'llr, rrri,'. ll .r\l r/,{

(;l{,\NI.l\1.,,\,l)()N.,\l l)s()\, l.(ì Ñ lll\l lj\" l'.1 l()¡i''

{ìct,lllcttt;rl l(t:r'tvrltl I tt¡ltttctriltll Nts'\'t'lk. '\t'rtlclllit l'lt::

lfrt) ¡r¡r

lllr\l l:\', li.\\' I lil ll Sl)l l I , \.ll ,t lì.'\li l( )N, I' lì l')¡ì I

l lrlitl l\li¡rr'¡.rl lrtltttltl,ti,r r¡' lli,lr"tl' | ¡ 'rl ';r"iLrri 'ì'r' lr"¡rr

r illl., llct. nr lrro¡t ( ltol. l. ,r6rl l)lì
1 .,\1, ( .ll., lt()l)v/\l{s:;()l'1, (' s,\' \vl l lll l(lrl'(x)N' l''\ lt)lì'

l'lllllì(ll!¡ll 'jlll,l¡f\ (rl iillt 't l'r|ri¡rtl'tltrrtr l)l" rìllrlr"rr 'rrirlllrtl(l

I il¡tr ( it otìt I'rr'¡'r l{c¡r .'( ,l' I ll l'i l '' /() '5(r

¡ ll'l'\'lr\l'JN. Il I ,r ll()l)\.\lì'i\()\,{'¡ \ l'/¡l iit¡trrrtt"rl

ìl¡r,ll(",('lllì( ll(ill,rrr,l\l', lt.r'r"¡"tlrrrlllt r(r Ul)rl(1il('r'r)

,ltttllt.tl Il,l,l \l rrL'r \\'tcr li"rrrr lì l" r"1 lrI

I ll'l'\l \llN, \l I \ ll{ )lr\ \lilrir )i'l ( i : l')l'ir I lr' ll l'r'

t,r'rrll! tltt.tl I t, l,l. ' .rl'1,'r¡tt.r :\'rlrrr'rl 
"l'rlr 

'rlltl I rl'l 'll rlt"rr

\t,' l, lrr¡r' .trt ll, , I r 'r r'lrlrr ¡i' ()ll' lll 'l' rt

)''Irl I l\1.\ll. \l I ltrlil ('r'(rll!(tllì rl lit rtrr ll 'ìrr¡l ll'rlltrlt

IIll I I tr,t¡'r lir" r) ìl') II-'
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()'sut.t.tvAN, M.J., lJ()l)v^RSti()N, (;.s., t,Rt.[ilis, K, .t
Iìl.AKlll tiY. M.R. -. l9ll5 I'luitl antl llc¡rr lìlorv in (ias.Rir,l¡
(jcollrcrnral l{r:sclvrlirs. Soc. l,ct lrrr¡¡. 1., 25:llJ.Z26.

I'lìlT(llllj'l'l', .1.\\'., RI('tr, fvf ll. & RtNt:ì', t',1),, t9¡il
l:(lu¡tli()¡ì.ol Stiìlr lor Wutcl.(l;¡rtr,trr l)ioxitlc Mixtutc,i:
Ittt¡rlitalitrns lìrr Iì¡rt:¡r llc.icrroir. l{c¡t. lX)tì,/lt'1,/17l(¡ì ll,
Systct¡ls, Sr:ic¡lt:t. iultl Sollrvurc, L:r .lollir, ( alilornia, 5ì ¡l¡r,

I'ltULSS. K. & ll()l)V^RSS( )N, (; S l()t{.1 'f lrr.llirl lrllct t.r rrl'
Rci¡tict:liÙt¡ itt (ictllltcr¡lIrl llcst'rv0its witlr Mrtj()r Vcrtic;rl
linrctrrrcs .1. I)r:r.'ltr:l¡..,1ó:l 5(r7..157t1.

I'RtJlrSS, K., WILI', M., ll()l)V^Rlis()N, (ì.S. & (;()l.l)Stl:tN,
N.F,. l9tì_l -- Sinrul¡triorr ¡lxl Rcsistivtty lvlorlclin¡, ol ir
(icothcnlral Rcsc¡voi¡ rvitlt Wirtcrs of l)iflì'rc¡¡r Sirli¡ritcr.
( jcothcr¡¡rics, I 2:21) l.ì0ó.

tjRtJt.ss, x., Iì()t)v^Rss()N, (;.s., sl titr,\Nss()N. V. .r
Il IASS(')N, li.'l'. .'-. l9tt4 'l'hc Kr¿rll¡r (ico(hcrnr¡rl liicltl: .1.

llisto¡y l\l¡tt(l¡ ¡ntl l¡rtlivitlrr.rl \\'cll I't:r lìrr¡nirrrrr. Wirlcr Rc:trr¡r.
Rer., 2l): I J(rl - l9ti4.

s(:t.tROlit)LR, R.( ., ()'StJLt.tV^N, M..t., I'RtJlisis, K , L'Lit.,^t.t,
R. & Il.lllrlìll,l,l, (1.,- l9tl.l Rcrrrlccliolr Str¡<litlr ol'
Vn¡ror l)orrlilr;rtt.(l lì),,;lcnl,. (icotltcrrlric:. I llgl ll().

SllM¡'lllNl, 1., & XRU(;liR, 1,. - lglll Sinrr¡lt(iorr ol R¿rckr¡r
'l'nrrrs¡rorl ilr (ìcotllcllu¡rl ll()sctv()its. Sttrrtìrrd tJniv. (icotlr.
l'rogr. lìr:¡r. li(;l' l'R 4f), 2ól 2ótt.

S'llX'K lI)N. A.l)., 'l lloNl^S, R,t'., (tllAt'Nt;\N, I(.tt. &
l)YK:ill{^, ll. l9lt4 A RcscrvorrAsscssllìcilt ol 'll¡c(icvscrs
( ir.'ollrcnlrrl l ickl. .l . l,t:t . 'l't'cll. , .ìó:2 I -17-2 I 59.

'I R(Jli'il)l:1.1., 
^.11., 

l)'AM()Rli, Ir & NlliV^, l). -- lgtt,l -.'thclillccls ol l.oe;rlizr:rl Âr¡rrifir lloilirrg o¡r l,lr¡itl I)rorlrrctirll¡ itl Ccrr()
l'lrrrto. I Itils, (,crlllt. ltcsor¡¡. ( tor¡¡ltil, ll:11,1,2,10.

WAl.htJl', (ì.\À., Ir, & ll()RNlr, R.N. .-- l9t{5 tiorccrslirr¡q
I llrrr lntrl llrc;rkthrorr¡¡h ol lì.triujtrtctl W¡ttct rrsirr¡ .r

l)is¡rcrsiolrllctr:nlio¡t Morlcl lìl l raecr'lì'st lt¡lct.l)tctitlit¡tr.'l runs.
( ieotlr. llt:s0r¡r. (loullr:il, () Il:,ìó!) ,174.

wlllllllllil'(X)N, I,.¡\., Nl:tJMAN, ,S,P., S()Rtiy, ñt.1. .e
l.ll'l'lvlANN, M..1. lqt'l - lVtotlclirr¡¡ (ìcolhcltìll Sysrcrrrs.
4cclrrlc¡rri¡r N¡rziorr¿rlc tlci Li¡¡cci, Attr tlci (ìrrrvcgni Lirrcci,
.t0r l7-ì.lll.

/^lS. li I ,\? lÌ()l)VARSS()N, (ì.. . l9tì0 Ârrrlysis ol l)rgclur:ri6rr
l)cclirrr ir¡ ( ;coth(.nu.tl l{t.:;cr voi¡s. l,:rrvrci¡r'c [ìcr kclcy l,ltrorrrtory
Rcp, l.lll. ll.ì15, 7_5 pp.

7.YV()1.()sKl. (ì.^.,(. {)'stJl.l.lvAN, M..t. t9tÌ0 Sinrulllrio¡r ot.
¡r (iirs l)ollirr;rlctl Irvo l)lr;¡st: (ìcotltcntìitl Rcscrv,rir. Soc, l)ct
lìr¡¡. .1., 2l):51-5t1,
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