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1..,l1e econotnics of po lypiping artesian bore \Vater distribution 

R L B~tterham 
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Ahstract 

The water of the Great Artesian Basin is an important resource for the grazing industry in the 

semi-arid and mid areas of the Basin. The initial development of the B(.tsin was a 'free for aW il1 

nn open access environmelll. State gc)vernments no\v l.icense bores to restrict the use of water, btU 

enforcement varies across states. The most widespread usc· of the water from the Basin is for 

stock \Vater. In some sub~basins user!.\ of stock water already co111petc with each other and with 

other uses of water. There are clear local extemalities with neig.hbounng bores but the extent of 

extmction extemalities of any bore on the entire Basin is pmbably hmhed. Ivf.ost of the stock 

water is reticulated in bore drains. Replacement of the drains with a polyp.ipc reHculution system 

(primarily a water saving technology~ represents a. major investment for users. The repltlcement 

decision is complicoted by the necessity for unanimity (Ullong members of a Bore Ttust nnd by 
financing constraints. As competition increases for the use of water+ the prich1g tif water or the 

allocation of transferable water rights could provide incentives for the possible rtd()ption of water 

saving technology. 

Contributed paper presented to the 

40th Annual Conference of the Australian Agricultural and Resource Economics Society 
University of Melbourne 
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lntroduction 

The Great Attosian Basin provid<~~ smnc interesting resource economics problems~ The mujor usc 
of water in the Bnsin is in the provisicm or stock water over tt wide geographic ~lJ'ea in climates 
rung:ing from well watered to arid, Ftrom a producti()n economics standpoint, artesian water is a 

key resource in·thc graz)ng production pmccsses of the scmi·ntid and add nrcas, The provision of 

a substitute re~ourcc would be very costly. \\fhitc the total value ('f grat.ing in the semt .. add. .;md 

nrid areas is not high. the mntgmal value product of the ancsian wnter resource usc in grazing Is 
probably quite Jugh. In nddttion to the prov,sion of stock wmcr, a small nmC>Unl of water is used 

for in·igation in Qucen1\lnnd and N()rtbcm New South \Vales. W~uct is ah;o used for town 

~upplie~ nnd mineral and energy development in inland area!'~ where no other supply is nvailnble. 

There nrc current conccm~ \\'ith the 'Mtswinability' of the artesian wmcr resource and n pmtictlhtr 

concern wah replacing ·wasteful' flowing bore~ and bore drnit1:, with piped t'cticubuion sys1e:111t->. 

Local extemahtie!'. arc a.,~ocntted with current the u.')c of \Voter and there i.s the possib.i1ity of ba~in 

w1dc externalities in the futUre. Gtazu:~r~. through bore trusts. pay only for the maintenance of the 

bore and the bore drain rctiruhuinn ~ystcm. :md no\ the wmcr it~elJ. As the concerns have grow11 

there hu.., a 1nnvc w restrict the usc of wntcr by licensjng of bore\,. but little use ba.~ been made .of 

pricing <Jr transferable propeny right~ tn manage the resource. The tentntivc approach taken in this 

~tudy ih tluu the water in the Basin il'l essentially a stock resource with some flow chm~uctcristics 1 • 

Thu~ fitandard resource economic theory can be used to consider the CUJTcnt. C(mccrns. 

At present there is a limited demand for the water from t.hc Basin mainly due to its qualit.y. The 

quality of the water seems generally to dctcJ.iorutc with movement west und south through the· 
t1quifer. \Vith the exception of smaH areas in Qucenshmd and Notth~~rn New South Wales Jocatcd 

at the edge of the recharge z.one. water from the Basin is not suitabfc for irrigation ~nd it is only 
used domestically where other water i~ n<>t available. ln the future it is possible that ncw.t 

technology and/or the demand by other industries and urban demand will increase the competition 

for water from the Basin. 

History of development of' the Basin 

The Great A1tesian Basin extends from the GuJ f ofCarpcntari(l, through western Queensland into 

New South Wales and across to the north cast of South AustraU:.t anti the Northern Territory 

(Figure I) underlying about a fifth of the Australia continent Much ofthc area is urld or semi .. arid 

and the m~tjor land use is extensive grazing of sheep .and. .cmtlc. Pdor to, the utpping or the Basin 

flocks and herds were confined lO Utcas watered by f1ntural water courses. Mup,y r()f tl1C$C Willet 

courses are very Ultteliable. The land usc w;.\~') very extcnsiv~ gr~zing on htrge stMions, Where ·set 

I Sinclair Knight MtW1.. (1995) p, Stake, th~! nhcmativc approach ~orounth~l~lJcr. Jik~ s~rf4ce \V:~(Cf! shQts)d 
b<; considered a sustainable oaturalrcsorucc, n<.ll. a resource C)rsome othcrelemc.ntto.;~ mincOj 

\ 

J 
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stocking wns ptac.ticcd. stock.ing: mtcs were vel)' low as the urea around \~ntcr coutd support Jew 
nnimnls. Alternntivcty. nnimnl~ had to be moved frequently hetwcc:m vnrious sources of drinking 
wntcJ und reed. 

G:rea.t 
1\rtt?,si.an 

P'lGl ~RE I L .. ocntlou of tho: Grcnt Ane!)i:tn Bus in 

The d1scov,~ry of the Ba~irl m I R78 wt~s fnllnwed by tt pcnod of mpld ~md unconirc)IJcd 

devcftlplncnt of the wnter resource fwm 1880 tC;) the cnrly J900s in an ('>pen nccess environment~ 
Mnny flowing nrtesinn bore~ were drilled and the wmcr wns dtstdbutcd in <>pen curt.h drains. Sub .. 
artc..,itm bore~ were dnllcd nnd cquiprx~d with windr.nills, umks (iUd troughs. Thts devcloprncil1~ 
combmcd with irw,~suncnt m fencing and other infmstmcturc allowed sm:ncwtun m~1re intctJsivc 
hmd u~c and the sub~t:<ltrcm div1~ion ofrnany of (he stntmns into snmUc.r fmtlily owned units. 

Al present the Basin prnvrdc,s the only relinblc \Vntct supply uvnilnblc tO nlos.l of the grnzlcrs. m 
$orne scaucrcd minerrd und energy industty sites nnd to n number of the tOwns of the rcgitln .• 

Thus lhctc arc a voriety of end t1scs und users so;ntcrcd over n wide gcogrnpbic .m·ea, sapm~nted by 
State bcnmdurics. 

·rhere h~w'~ been rn:1ny conecms over the ycnt~ thm the Basin is Qver exploited. 'fhcsc concerns 

were f11·st voiced only ~l few ycnr:s.nftcr.lhc initial dt.wcl<)pmct1t of the Bnsin ~md followed fblls in 
the pmcmiomctric surface of the Hquifcr, Thc5c concern~ rcsullcd in n sc;r.ic.~ or bltcrstat.c. 
Conferences. on AJtcslan W~HCJ' from J912 t<) t929. f()IJOwcd by considcrtlble research errorts 
investigating lhc gec>log.y and hydrology of the Basin. 

~rhe currcm c<~mecrn il\ again with the •su~mhutbHhyt of th~ rcsour(tc, wHh ;tn ¢Slht.mf~~d~ a.vcr~U,~~ 
~mnt1al rcchm:gc of' :shout 410 •nillkm cubic metres c')mJ)nrcd to an cstirn~1t¢d ;W¢1':tg~ tto!.nUtl 
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discharge of nbout 530 r.nillion cubic metres (Jncohsml, Habem1ehl ttnd Lnu 19.83). The issue of 

sustainability is discussed further below. According to .L.lcobson, 13rown and Harrison (198.3) 
inefficient nnd uncontrolled usc of the water t~xtnicted fmm the Basin, mainly frt1n1 flowing bores 

reticulating water into bore drni us. results in only ubout 10 per cenJ of t.hc disch:u:ge from the 

Basin ac.tunlly being used. The development ()f new technology, especially in the nJanqfitct:urc (lf 

polypi.pc cnpnblc of rct.ieuluting hot water from artesian bores, has Jed t.o incrc(tscd interesl in the 
'efficiency' of water usc in the Bnsin. lt is now technically p<>ssibJe to replace bore dmins with 
polypiJX! and booster pump rt'::ticulmion systems and sc)mc of' these systems nrc .in (:>pcration. 'rhis 

replacement bus been encoumgl!d by Fedcml nnd Sunc Government uction to rehabilitate artesian 

bore~ through Lnndcnrc pwgrmns. 

llydr()lngy of' the hasin1 

It is imp()nnnt t<) kn(1W ~omctlung of the hydrology of the Bnsin before attempting w construct un 

economic nnalysi~ on whtch to make policy rcccnnmendnri<ms. The Gretit Atlesian Bnsm wns 

formed during the Mesozoic period hct\vccn 65 and 240 rmllion ycar!o> ug.o. The nquHer system is 

comprised of lll\lltiple layers porous fractured sandstOne conl1ncd between im(JGI111cnblc rocks on 

the bottom and by thick rrmrinc sediments on the top. Jn many areas multiple aquifers are 

separated by mnrc Qr less impermeable layers <)f siltstone and mudstone. Surface water onters the 

aquifers from the recharge U)llC~ which nrc gencmlly located in the higher rainfall ureas of the 

Grcm Dividing Range in Queensland and New Somh \Vnles. During periods of the geological 
history of the Bnsir1. rainfall in the recharge zone was much higher than it is today. This 't11d, 

rainfall has largely c<mtrihuted t<> the vn~t reserves of wmcr found in the Basin now. 

\Vater pcnneates down between the confining rock layers until it reaches the aquifer. As rnm~e 

water enters the recharge zone the level of the saturated zone risc,s and \Vater is held under 

pressure in the aquifers. It is forced to the surt1wc through bores and n.uural springs (sec 
Figure 2). Some of the notable natural springs occur in mQunds on the south western edge of the 

Basin near Lake Eyre. \Vater is hcmed in the aquifer and often has a temperature of over 50'1C on 
emergence .at a bore head. 

The aquifers in the Basin vary in thickness from .tens of tnctrcs to thousands <>f metres, with the 

top and botwm confining layers varying in height. Rldgcs, troughs and faults sepnratc the ,l3nsir} 
into a series of ~ub.-basins. The .Ba~it} is til~ed ttp t.o the nort.h e;tst, f(>rms a large basin :1ml thPn 
rises gently to the south west. The general movement ofwatcr is toWar<Js "the south west, but this 
movement is very slow. 

The upper level of the saturutcd zotte in. an aq\tifcr is the 'hydraulic'; ~piczon•~;td.a' ·.Qr 

~potentiometric' surface. This is the level to whicb water wo~Ild ·rlse in ~t c.a~d .!borf!f·· The. 

2 Thi~ sect.ion druws heavily on H:~bcnochhlnd .Sci~cl (1979).l:fnbcrm!Jcl (l98()}t Hll'·v~~ nn~;¢tuti)~l¢ (I ?84) ~n4 
Williums(>n {19.84) 



4 

potcntimuetdc sut:f'nce is influenced by .injectious o.f wmer at. the tcch~ttgc zooc anU l>y cxtnlcdot1 
thtough springs and bore~. ltttcre.stillgly, it is s~tggestcd by the AustmHan \Vater R·csourccs 
C<mncil ( 1975) as wmel'i.s e~ttactcd fn.'>m (heJ3asitland the potentiometric surface falls, J'C<!hatge 
mny increase. 

A ~fl~)wjng hor·c' is produced where the pmcmiometric surface of wmcr is above the gm~md lQ.vcl. 

After u bore is drilled, n conical shnpcd reduction in the potcntiomctdc surface occurs i.\l'ound the 

bore. The f11U ()r the potentiometric level reduces the pressure head of the bon.t A dtPJ' in 

pressure results in (f) n reduction in the vQJumctric Oe.lw fr<Hn an nncsian bote or CH) lllOt'c 

seriously, o fltl\ving ttJ1csiau bore tnny become suh-artcsinn. A sub .. ancsian bore is prodll<:<!d 

whcrt~ the potentiometric htlrf11CC of wmcr is above the ground level. \Vrttet from suh .. artesian 

bores musl be pumped t.o the surfncc. Pu.mping may be expensive due w the capital und operating 
costs of the puntping equipment. The reduction in potentimHelric surface is most ropid .after the 

initiHI tapping of u sub~lutsin due to the 'elusticity' of the nquifer. 

Artesian bore 

Or~~ surfac:_ _\_ __ Pot~lior~l~ ~~rf~t~ 

FIOURB 2 Jllustration of the Great Artesian J3asin 

J~echargc 
Z<HlC 

Since the widespread drilling of rutesian bores about a centtJry ago the potentiometric leV<fl Jws 

fallen at any point at which long tcnn measurements have been record¢d. ihere 4rc cl~ar kx:al 
externalities with neighbouring bores over distances of a few kilometres. Ot.lii the C(l$(em ¢gge; or 
the Basin the flow rate (>f many bores has dcqreased .qramaJically and many h~v~ cli~O.g~d :.{):om 

art~sian to sub art:esianl. However the extent of extraction e~etnalitl~s ot·any indiViiil!~lbor~:,dh, ·· 
the entire Basin is un.cleflf and is probably very JinJitcq. Attempts .nav¢ :b¢~Jt :mad~ :tq. quti:Qtf(~ 

these effects ushtg con1p~ter simul~tion models (S¢idell980)~ 



Bt>I'CS wwy in depth titld age. M:my W<.ti'C ddllc<Hn the nmos with nnmllAtll~U~SI (lf :'ICttv.hy .do•.'log 
the 1930s. Mony b(Wcs nrc tW(!f '' thm1s:md metres deep. All of the tlldt!.t' bores were c:nscd.w.ith 
rnct.al or tmHnl Jined \VHh c(mcrc:rc. "!'he L'11SiU!J mny dcler.innH<.~ \V.it.l.ntg.c nnd:htsnrn'~ sh.Hntimls lba 
casing hns cnrr()dcd thruog.h. A sJn1Hnr probll!til ut'rises whe~:o walcr csct~pcs l>~~fW(!clt the bote 
hole nnd the cnsing. In both sHuntJons~ mt~!$inn wmut: has esc:fpcd~ or is e.~ctU>.ing~ hUo ~IJ-1J>et• 

level siJb .. ortoNinn HCJUl.fdJ<s or into pcrmcnblc Joycrs c1f r'»ck~ s,rnv~l mHl snnd through which it t!ttl.\ 

perc<lhttc to t.hc slu'fucc. \Vhcrc uncsHUl w~mw esf.wpc;.s int()J.hu ~1pp~u· level stth.,m'ttzsinn~lqqJf~.rs. it 
may pnllutc the upper lt~v<.~J \\ atcr dcp~nding m.1 thC< qunlity t)f t.hc tWtl sow·cc,s of w:Her. \\1hcre 
d1c mtcMau w.IttCf ~c~~ps u:. dK~ ,urfnce ft may cnul'ic nsint~ wnter tnbles nnd son degr·~•dm.ion 

( ·~cnldmg•) due tu the ~uh~ dll)'lnlved in the w~llcr. ·I'ht& problem cml be n.m.u:dicd alth~r by 
repmring the bore cn~lflt!· or oncn, by blm:kulg the bnrc ttl dc1~1b nnd drHimg a no\v l.H1re. llolh 
rcmcdh!1) nrc n:hH1vcly '~ostly wnh cnl.'h cusnnu nround $2!XMX>O 

Bore drmm. re:uculatc wntcr from flowmg bore~ Hl '~mth clwnnels. UsuntJy n 11owit)g bt>t'c 
M!fvlcc~ n ucrwol'k <'>f bm"t~ drn.W\ runnin~ lhrough scvcr!d prupcnJc~;, l,.ivestoc~ (Hl the J)l'<)f)aJ1ies 

dnnk du·c~IIy n·om the bt:ul! dnun. Much of Hm water llowin~ from n bont 1s lflSt lhmush seepage 
nnd cvrtponttton u1 the dnun.l\.. 

'fhere ure n vunet.y <Jf' pmblcm.~ :.t~Mlctatm:l wHh the drnlns 1n nddHton to the pn:lbltun of wm~.r· 

Jo~!i). The Joc~trtc:m uf u dnun 1~ ofl<m conMruincd by WJJ(>graphy ns H mu~t bt<:>l.ldly follow u 
contour With u regulnr snmU f)tll fronlthul. contour. The (.~unstrutncd locmi<m tnc.::,ms UHH ~wck nuty 
huvc t:n wnlk long diMm1cc~ to wmcr thus reducmg their productivity (sec Sqnites nml \VUs<m 

1970; Squims.~ \Vilson and l)nw~, 1972~ Sqoircs lOKI). The lo~mtion of the dntins muy tth;o. 

impede other ngriculturul nct.ivity1 c~pccmlly fanning, l:)ruin.s htiVL!t tu he ~<h..tlvcd' :n l'<!gulm' 
JIH<N'vnls. 1.0 clear soil and vegetation thnt would t>thcrwisc tc~uh in blocknges !coding m wntcr 
flowmg otH oflhc dtttin. 

L.and lwldcts cl<:>.!-!c w n horc lH~ud tuwc n tnuch more reliable ntld b~ttc.r quality wmu.r su.ppJy thnn 
those m th<! end~ nf OH~ d•·nins. ·r'his cspcciully so whcf(' the nnw of wmcr from n bote hns 
dccrcnscd <wc.r ume. Otittinally the n¢twork ofdrains wns developed to .usc nil the .nvnUobl(! wm.t:r 
nnd ns the vnltHH~! of watct flowing. nJr o tmrc dcerc~tscs. Jt c~m llf) longer mlcqnnt.cl.y SUlV~ the 
nctW()tk c>f di'nins. 11'unher. during W(n p<~riods bore (lt·~dn:i uc::1 as dminag¢ chmJr1cls nml J;md. iH: 
the end of dndns can become wmcr logged and saHniJ. Ovcdlowftonlbtu·c.dnlins ~nn nl.S!l,Jl<lUute 

nanmd wM.er cour·$es. 'Phis cun he a problem where rhe quality of the bm·e: w:ucr Js :Jnuticu)nrJ¥ 
()OC:H'. 

~rhc (IJ'ain~ also ptovidc :1 Jnenns of spread ins weeds :mtlJivustue.k dlsetl.S~s ~ownsttemn• ~I?Jl~Y 
nlso pnwidu fend anhmtls., csfX!chtiJy ·J'h~s, with ·~ ~Hstdh\tt¢d wm~t S)Jf)l?(Y Jnp•·c~tSf•l~ "'lh~ 
diffic~alty of ~m•dic:•tirm; 



Rcllhic-.nncnt of' bon~ drain~ with p<llypip~ hns oecm·r·cd in soma IH'Qtts und Js phHlned f~:>t li'I:Ul)1 

nther!i. J~eplnccrncnt con he plnuncd sn that a cc.tt'lll'nl hr:>rc or M~rics or bores suppliils wnt<:W in 
mmJy tHrcctlnmL As pnrt of the rcplucc!mutt~ hm·es tlJitl, :II\! unsntl~hHJ(H'Y for one . .J.·cn:scm Ol' 

unothcr cnn ho <.~nppcd a~ ft~wer hm'<t5 nre I'<!CJtlil'l!.d w M1pply wnter. 

~l'hc du1metcrof polypiJX! I'C(ltllrcd m the i't~lwulntion syswm 1s rcdttce.d hy l.lsing. huost(.H' putlJJ)s~ 
Hh hu1,~c dHut11.~HH plp<t Is c:~xpcnswc . .In th(! clus~t' ~(!ltJcd Hl'das lhu tmoslef pumps cnn b{! l<~~tJ<ld 

ll<Wr exist.n.tg powerlmcb. In IIHbl :·usus wr.1tcr l!!i ~upplu.uJ to C(lncrctc tanks t.o ttiV<~ n ~lllall r(.~<;;ervc 

of sh:tck Wi.IICI' m (.,~a.i.ic nf ~y~rem fnllurc, 

'fhc ndv:mta1hc~ of polypi.tw r~l!k~Uhllum nvcr bore .drmn\ art~ fmrly obvious (s(UJ Uigehmd l99l ). 
Artc~mm w:ucr •~ "nvcd. the rt~hnlnluy nJ wntttr :,upply '"' uupmvcd muJ w~ncr cun he dQJivcrc.d to 

nny det:-.~rcd pmm nn n prupc•rty. Opcralmg t'l1M~ nrc tnodd~t nnd (.~<)mp;lr:thk~ wHhth<~ niJutllc.nnnee 
cost~ ttf)8()t.'tntcd W1rth dt~Jvm~. hun~ tkrun." The IU:lJ<H' rm,,blcm wull the p(1lypi1Hil14 ~~ tl1(~ cnpiml 
{'OM Apurt frontlwm~ rchlthliHnlmn. JHpt~ and JHHllll" nbmH $1 .. 500 p~r kH(:>JUctrc. 

fi ~~ well krv)wn that uuuH•tt.':Jnt:mr of "vmcr supphc~ m Australtu 111 urul<~r tht! JlH''i~diction (}f th~ 

Stme~ In :1 few t:~a.~c~. ~pccml pu1vnsc tnstHUlHm~ hav(! hccn cs.utblu~h<uJ to co•<)fdJ!Ulle prJH¢y 
nod/or m:mug(: where wntc; muiwgcm~nt ISMlC~ sp!'.H:JllcnJJy ~:rns~ ~tnt~! h<mnd:!Fic.s. Uxmnples ;we 

lh~ Austmlian \Vntcr ~~~sr:>urt.~C~'~ CrHUlcll. th~! Murnty·Dnrlmg flusjn C\HlHlrissiou nud the: 
f)mnurcMt .. Bnrwon Bordet' Rlvarh Commi:,s1on. 

The hi.sLcH'y ()f [~\)V(~rmncm invulvcmcnt in wm.~r UHIHUt?cmu.nt. orh~h1n!Cd With lrrig,nlh.m m 
Vicloriu with the b'rigurimt Au J 8H6 (VIc) nud unez,imt wa.lct m New Smnh W~tJcs. •:t'hu Armslml 
Wtdls At:·l I 897 tNSW) crwhlcd groups nf gnw.1crs J() obwin (Jovcrmncm us~batulce tl> n dl•illt;,)re 
lo t)llJ1ply thcJr prup<:rtJ~~. The Wt~t(H' and I haht<t!Jt! AN J 902 (NSWlcncourag.c.d the l't:>nnnUon ot 
Bore TruMs to ndminister o bore (of .,.,., .. ·• of bnr~~> und the nllsochttod dtnin Hci.Wotk. 'J.1his 
pcri(Jd SilW n rapid redistribution ofhmd us large h.Ht!iehoJd Qr freehold stnthms W'-'I'C divid~Jd Jnt~l 

snmller unitll foUowing the esWbiJslnncnt nf reli.nble wmet' sum>liqs. 

'l'hl.l use of S\H'f:tt!e nnd tmdt~rground wnler in Now Smt.lh Wnlm~ is now emHr:oll(td undot 01~ 
Wrur.'rAt:t 19 Jl CNS\V). which developed fmm the AtttM'iml Wrdls .AtH. lrl <Juucns.land lhe ·if(Um! 
Arr J 026 <QJd) wns hnk'cd on the New South W:llcs Act, hw wos mnrc nort.oWJ.y t'c,eu~cd nn 
mtcshHl W:tlet <Chu:k. 1979). CommJ is JWW WHICt me WOittrR<I~~·ourcttS Act J98f}{~~Jd) {Sluelnlr 
1\.night.M~tt: 1995}. Th~; WuwrR(M'Of(f'(:tw ikt l976 .. 70{S.A) wns the f11~St or dJe:.modern .. wnt¢J' 

Acts .providJn~r" nJt)f~ ndmi•li:nrmivo. discrlltt<>l) :ill SouthAJthtrHlht tfHm in Ulc,pust~ {J~bis :Jottlslnd<.Ul 
h:.•s b~en rcpluccd by ,the Wcwu· Rt~smw<.uts Attt 1090 <SAl. tEhe: Notthum ~l\Wdl<>r~ h:gfslttU(>n ]$, 
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the \VuMr At't 1992 CN1~}. llist.<)t:lcnlty. the mnjotlhrust of the togishu.ion was to cnsute sutrnd 
construc.tmn nnd rnnintpmmc~ of bot~~s ttnthcr thun control the usc r>fwmu.r CC'Jm:.k. :HY/0 p.J·i$9). 

The mlrninislrntimt of grmmd wmar resource~ 1.s m>W tWdcr the ~{Jfllr£>J of the IJcpnrt.tncnt. ()f r.~wld 
nnd Wumr Conscrwttion w New South Wnlcs. lllo Wnicr J~esourecs Cotnmission within UJ~ 

Depm1:mant of l)t·inuu·y hHhJstrit!s in Queensland .. rht~ [;)~~purtnmnt (•)f HnvlrotHn<mt und Nmurnl 
Rcsoutoeb in Smuh Austrr1hu~ tmd th{! \Vmc:r Res<nm.::es OivJSJ(nl of the Powet· tmd 'Wntcr 

Authority in llw N'uthern Ttl.rritnry ts<~C S1nclmt .Knight. Merz 1995t 

Jn Nttw South Wale~ the Depnrtrrwnt of Lnnd und \\"mer Cous~wv:,nwn is uuon1pting ro licence ;tU 

tJrto~um bore~ Tht• hotel\ s1tppJym!l wnler for irngnw.m nt<~ licensed. Users nrc clwrgcd $1 SO for 

the l1,sue of the ln:enct.:"! nnd :m nnmmJ d.wrgc nf $100 per bore. There i!l ulso I.) volurncti'Jc chnrgc 

of 40 ~ctlf.t) per ML tvhmy pnw.uc and ·rrulit brH'Ctri supplying "l<:lck wnter· nrc un.l.iccnscd but Jllc 

On\\·' of 1nnny of thcs.:~ bore~ h Jnorworcd from rnnc .In urn~. Oihar horch nrc l.lccnscd and the flt>w 
~~ nwrutorcd. 'f'lw ttkcr~ I,) I tlu~ wnwr. rnnmly n" nl(nnhcr~ of Bore ~rrusth, dn nol p;.t.y for the 
water. 

'J"he powers nfHnn! TrtJM~ m New Sout.h \Vnlm) urc~ spccifwd in Scctmn~'~ 52. 53 nnd ~4 of lhc 

Wau>r Act l9 I 2 tNS\V ). The Tr'Ust ha~ rrumy of the churu~tcn~tJc& of a cluh (for H rcvrcw of club 

the?ory see MncAuht}\ l9~l5) wah nuc pnycl'"' lunting rcspon~ibiliucs to. 1Htd dcl"iVlllg bcmefils 
frorn 1nernhership of the club. Th~ Trw~t collccfiVt~ly und~nnkcs functit.ms J.hm nrc hcyoitd the 
c:1pHi-iily nfindiv1dual nwn1be~ f;)f the Tru~<tt. The Trust mnintuins the bore and dl'nin~ m1d levies 
r1Hc payorh for the work. All rotc payer~ in ~~ g1vcn TruM pny the sutllC rm.c fc:u· euoh hcctnrc 
~benefited' by u bore drmn. rcgardlcfl" or the rcHahility and qunlity or fh(! supply. The rates nrc 
very rt)odcsL Flore drmn~ arc sited nnd JlHntncrH.mac wol'i-; ~~ undCitHkcn wilh t.hc C(msc.nt. of the 
rate pnycr& concerned. E~•sc.rncnu~ ur(;~ not h<Pid by t.hc Trust and dmins arc essentially nssurm~d to 

be tcrtlpormy. ulthough nwny hnvc been m plncc for arowl(l tOO ,Yenrs. Rcpl~JCCHl91Jt of hOI'C 

dmins with polyp1pc i~ obviously nounentioncd in the Ace•. bul mlministrativcJy is nssumcd to he 
rnnintcnanee. 11 foll,lWh rJwl the dccis1W1 lO replace the bore dmlins with p.olypipa rcq1.1ircs the 
consent r1f HJI ralcpt~ycrl\ in a Trust. 

li!conomic qtJestions 

JlnrHer it wus ussumed thm lhc watct in the Grcnt Artesian Basin is n srnok rcsOtlfGt.\ with som~ 
now ch;tJ'(tctcdstics. This m;sumprion is bHscd on the nuJhm~·s vcty lhnltqd undcrst:mding· oftJiQ. 
hydrology oft he llt~sin und the ohscrvntion made by :t)HmY .tnHJ!orsUmtth~ mov9rrnmt ofwm~r iin 
the lmsin is very sJow. WHilams()f1 (J984) fl. 40. ·tbr <.tx,Jmplc, st~Hes ~that,'tl1c t;ll¢ .()f w~.!l~t 

movcmcm ... withtn th(; rnr1gc or <>nc kilometre ~very 100 yours tt.> .otJc "kfkurlQf.t4 ¢V~ry ~.u(Xl 
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ycurs •..• H is cvidenlthut the wn.ttw }ssujni fJ·om l:H)t~~ m;ty be up 10 s~~vQr~ll hundred Jlumsnnd 
yenrs ofd' 

'l'he e~l1nomicfl of th~ t~xtn~~:oon of nn exhnustible resmtrcc~ huvct bc.l~r~ wen knc1wn "''loe the 
fmnoul(. pup¢r WfJUtin hy Hot,~Jtms ( 1' 1 '1 1 m) the ~UhjeC~. r!Mt:;lCU<m of nrtcslml w:*~~' Jms n·mny 
of the chnrm::t~n.stsc:~~. of th'~ MJnplc e.xlmosfth.fc rcs(:mr~e cxu·nccJ<m pr<:lbfem p<U'led by Rmnlrafl 
( 19H7) chnp1ar I 5. A~su1ning ll\'-'fiY problem~ or uwnership of fl)l~ re~:.t,urce nnd lHlY C()JlS!-!()'t!4~1H 

r~sfJHfCC ft~.nt. th~;:rJ1 H> n IJHI,I'gmnJ tt~U'tl4:1H>Il (;'OM iCHptn~J (~t:lsl of borQ~ nnd dtnms OJ' ptpe.!t pltts 

n'H~imcrHtn~!C cost~ t Wf'm~h J.l'my n~c over Inn~ n"' o UJVen bortt or bcweto> rnn sub .. bn~jn bcco1m~ snb~ 
m'tt~stnn (JlUlllJnng c.c:>~l~) und n llntrgu.ml user cmH l>~l~ttd on .f'lnlu'c c.h:tmrmd hJf 111~ r'~~ource. ln lht: 

HtttNt~,WH wtH(tr cw~c hnwcvqr. thtJ:tV .I!!, nn curt(.mt JHnrkct fur rha omptH. wulqf, ond h~mctt nP 

tmn·k,~t price lnlJ>Uicd rwwus could he tfclcmun~td from lhc dct'lvcd <lem~md f(n· th~ mpul. wmor 
u!:l~~d 10 tJ1e fm'tlung twmcr ftJr u·ng·u.uo.IH+ !tJ'n~qng cw•tlt..~r for sJr)cJq. nnd m.m.ing indnMneF­
{ ·mdU!iU'tnl• wuren prQ<lt.wmt~ mnpu.t~ lrorn the' rtti':if'<:crive m<htMJ'I~~. In pracuo~~ thes~e iOlflhcd 
prii.:Cb. C<"lUld b~J C'SltHHH~~d UMlltl fl1Hibcnl::HH:UI pn)gJ'!lnlllltng tllm.fel~ of f(~J~f'~~t-!~fltHtiVQ flnns in fbe 
n:l\pccttvc tndu~lnc~ uMng wntcr lmm lJ)c Bm:Hil A pnmnry dcmnnd cXt!\t!) Jnr w;ucr for uth;.m 
uhc and H ~.:·ould b<t ~~MtnHtt<,~d hy quc~t•oruuurc cH' <hr<t<:t oh~ervmimltd methodh. 

A~11c~;t~ of lhc mulupcnnd cxtnlclloll JHllhlt:m could h<:! c.onii~<:h.:rcd UhlllS muhlpcriod lhll,UU' 

PI':(>B,rtllllHHng"' Qf dynmnJc f>J'ognunnung. The))~~ tnmlcb t:ouJd md1cnle optmwl ~Xtl't.lcth:m rm~s 

and unr,h~H 1mc¢~ over urnc under nn C~J})CI)Wtlly <>pen m.:~~CL\ rcgnn(~ rcJ)l'¢MHtt.ing pn.st ppficy., n 
~ittHttwn whert· a<:c~~~,., wus ltrnucd by polil.!ltth f.uch a"' the pn.~~~n~ bore licensing poHey1 or 
reprel\ctnt pnln·t!s such w .. mnrkclublc wmcr t'tghts. 'l~hc rnodt.tls could also slwd Hghl nn the ,Jev~J 
of re\ourcc rt!niS thnt rmght he cxtntcll:!d under ullurmui w m~sumpU(1ns suc.h ns mJ)HOp.C>Jy 

(pcrhap~ g.ov~tl'fllfH.Hll.) OWilCI'hhip or lh~~ ntsourcc {Mtc Ztlhenn~m. Wcfz;,l)lt!Hl und Mnrrn ( 1993). 

Jf the wmcr m fhe H~1sin is U'cm,=d H!'t n flow re~;nw·c<.~.~ the progmmming pmbJcn1 <muld ~~ 

C()Jl~tmln~;,~d so tlmt WJU<!r u~c would be Itt\\ thnn Or C(lliHJ tn lhQ I'CChntg(! of !he nquH'cr. 'Fhe 
policy options mHiiJI<:d nhnv~~ could b!t cl\Jtnltned under 1h1.s e<msrrnbH. JJ 1h4t possibilhy of 
incn.wsing the rccluu'ge rutc: ns cxu·nction is iucrcnscd wcra inl!lttdcd. s<:1mc: ,ftacr~stlrtg. ncm.,Hncar 
nctiviucs und COJl~O'ttlfllh 1m gilt be nddcd tc> the nmdc.f. 

'rhc simple siumtkm nbovc is cornplk:ntcd by the c.xislence t:>f locnl~JxtcriwlJJl¢,.'> Jn :mb;bnsJns, m. 
lewn. In mtlst 5Ub,bm~ins wmqr is cmly Utied for SH)Ok w~.~:;r wlth Jiulc c:omt}ctif.ion bet.wc9Jl 'U$¢ts~ 
Uuw(w¢r in s'Hn~. f!Ub,.hasins th~rc is comp~tition for tho SIQCk WHfQr~. A ~~)()d ¢Xlimplu Js the USQ 

ofnrn~shm Wttl~r thrJn•nirlg, nt Roxby J)<)WJls in South AtlSJnlJi~l .. Jn this .cn~c ·m~r~ J~ compctiHml 
fur- wmerhct.we<.ut mining .• stt)Gk w~•terJ~n4 .~cnvul:HW11,!ntM' wm~rfcc(HJ1tt the JnoJmd s.p1:ln~s and 
lhcir.m~s('ahHGd ettosystcrn CPigtnm, 1986), Th~~ smndu.rd ttemmmlq .s~)JOtiOJl ts·lhc: ~s!nbUsbo~ent: 
M .. 111n, 

·~ (fhH<r mc»d~:J~ tJHUhr.he hrnmJly stmthw m dm ~r,r.i~~"lh•k~d H1rm nnd spntJnf.~c,viJlf.>ri~W1 J.1r<1~1'fiUlHllf!l!tUIOd9l~» 
pmpn.si!(Jhy Hml(~tHsvn :md MttfU\JJJflY tl O~M) 



of n nlnrket fJDr trrmstbs·ublc riglns to u::~c wmat Csea, fbr cxnmpl~. l~omJnlJ W8J ). 'l'his coukf 
includ~ tha creoUon nf n pr(lp~rty ,ight f()tenvinmrncntnf wmcr.cC:oiHns nn(lSco~eitnan·o. 1095'). 

~r:harc arc other n>XHinpl~~~ nf incr~}nslng (H)rnputhion l~w wntar in w·o.llS ol~ N~w Sm.nh WnJc.s. :h1t.hc 
l ..• tt4ht.nlng Ridge ttt'l.Ul thc1~ ~~ en1npmHion lletwcttn 1nwn wmer, lnining nnd ~lock wm<lr uses wHh 
Jhe demnnd f(:)r trWitl watm· nnd mming wmer. csj.lc<.;inHy, incren~tng. At Moretll n growing totll'bH 
industry Ul!i(H\ ai'IOMan wntct· diJe;1clly m spa billh~;/} nnd cmnper~s with town woJ¢1' Sllpplyj 

1rrigau.nn :md htock Wnll!L Thtt!<t u. It\ p<,,ssihle tlnu nJote cnmr)(tt:ilinn for :lrlt1.sWn \'NittW wiU O<t~tW 
n11.hc future a~ cltht;tt' new in(hlhtrtus {or urhnn 11rent;) demnnd wttter c.1fthc currom qunlityt <w new 
technology 1s d<~volnpt~d to Jmprt:">Ve the fJIWhty of the wm~r. 'ffnr~ trtmsr•~t'nhh~ prr)peny rights nud 

pnc.mg !lolttll<ltl~ muy he<:omc nKH'c nnpmtnnt .in the fuHin~. 

'fc') 1nkc rhc MIHpk~t l'iHtWIHln~ 1f the dtH:l~ion 1'1 tnvc~;.f m a P<'Jypipc n~tkuJulinn sys1c.m wt~re n 

purely pnvmr one, wtth n bore hx;ntc~d on m1~~h prPp(lrty .• ~• graztm· could ;t$)Stt!'.fl the llkt,t;ly costs 

and reUU'tl~ lnm1 U1e mv<~hltmmt ""'mil. net pne,~:~ll vnluc tth tl d<~~>:'l&ion HHiking ctlwria. Sonm 
gnv.nm-... c!'!pccu.lly m !he nnd t.one. Htce lhi!i. hHUntt(.m. The only c~.tomnliry lh¢ t~mzicw wcmld 
hnvc to dcnl with n pnvnw producnon exlcrnnlity uhc inU m the potcntion·mtn<I 1\\Urf:rco) ctc;ll,~d 

jomdy wHh otlwr UM!n~ mthe bUh,.ba~in The fnll in th<! pntt.ttU.I(lfllCIJlC lludaco lends to a rcducrJon 
tn the flow nt !.he bore hcnd and ull:in1Wcly to Ult~ tlt~<ul In pun1p wnH.~~~. In iHl opcm nccc.ss 
cnv1rnnmcnt tmch UM7r should n;.~cng,nisc the prmh.l,sHon exr,mwllly Hs they drnw wmor lh:nn the 
Mtme suh~bnMn. Volunwry ngrccment~ nnd/ot· anwlgml'lnt.Hm ol users HlH:> Bore Trusts t.o 
Ullt,Wnnli11e lhc production cxtc.mwJity providCl!i rH1t.' ~nlutinn, Th~"" g.mup could V(llunuwHy sot Un1its 

on bore now r>r HrnH conhumrllmn using pl'icmg procq,dm·<~s or invest in lhe wnJar snving 
lcchnulngy. 

A m(Ji'c cmnmon sHuntion is whcr<J: wntcr users nrc nlramly 1~roupad m llt>rC ·rrusts nnd enjoy the! 
~conomic~ of a bore ~han~d nmong s(!vcml srm~.tC.I'fl. 'fhose u~cf's thee the produeticm cx:tt:.rrwlity 
oullln<~d ahovc?. '.l'hcy slwrc the usc ()f' hor~ dm.ins nnd experience H JlrJW of CXIOJ:nolHJCS 

downst:remn. At:. discussed nlmvc, down~trctull users sufl'cr problems nssociilf<!d wlth "pol.luti,nl• 
nnd tmrcliohlc wmcr supply coJllpttrcd m the upsn·cnm u:.;ers. Upstrconl rmd .(fowsts!r<}Oil1 tlsers 
tlws fm.~c different incentive& when fnccd whh ;Jdc4J:.,i<m m1 t~plnohJg b<)r(! drains wHh P-'>!Ypl,P(h 
A further diff1culty il<i lh<= need fhr unmlilnily umm1g mc!'nbQrs ()fIt l)otc ~erusl in the mphtc"JQHl¢.tlt 

dccitllon. [)if'liwcrtt mt~mhcr~ of n ~r·nua fnoe dlff'CJ'~nt prodt.wtion. eon.stHt'IJ)ficm nnd lnv~sml<Wl 
prlt:witie~ tmd tlrc Sllhjcct to diJfbrcm. HJmnciM ,mostrniMf.l, 

I·'~'W the n1crnbcr·s ~:1f n Trust to make t~ tUHtnimrms (Je,lision t(.l rnokc the substnnfinl h1vgstmcnr 
n<~~dcd to rcplm.ic bnr¢ dmln:l tJl(W tllUSl b(J convi1W~d ~Uh~.r llmL pr<J(f.OcfiOn bcn~llt>S Wi.ll.iHU!kU 
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thcJr hwusnH~HH Wt>HhwhHe, or thm 'fhu U()VcrmmHn i~ sninu ro Sltm in' nnd fl')rttu. tlunn l(l nmkt:r 
Hm fQplnll"mwm fhr sntm~ •cnvtmnmomul' n.tnMllJ. In thu t~hls<.!:r tmuJ~d or~os~ on th~. mnrgln 
hG(W(t<.tn fmnlll.l~~ und lWHi'Jlll~t the lnV()stm<.ml mny ho JustHl(:d pnmly in h:t.rn'f of m~t prh'mt!~ 

h(tnt~fH~ n~~"K'tntl.?' wtth impnwud stod; nud t.·,·upptug productfvUy (;:wt• Cdup~ .l~<ltlnwny. Mmld~tn 

und JhiWtduun, J •m~t l 'f'h~ 1tel rwtvotc hcnuHUi m'(} lH·a~ly tn th;~ lcs~-; ~~PflltHlnllll· tlh} spm"s~Jy tifnHi!d 
MWH·nrid nnd nnd nma.~, 

Tl1(~ HntHK~ml ,,~nn~tnHnf~ tm:hll~ lhor,c m~hvkhmll\ nr llon~ TnJji)f Juernborf'. whn whh ln hlVthM Jn 

tJ"• poJ)+p!f>l.~ ~)!~lt)nt mv !i;lgtUft<:mH In tlw nrcn north of Munm th~J cost~ or n 1hH f!Ch~tm• wJth 
wm~~r ~uppty to t~n~:h rwdd(H:k llnvr! hccn <~Mtnml~d m 4lhum. $2.5 fl\!1' h~~~ttnn:~ on tWntwrll\!~ nf' 
nmum$ from 2 .. 000 (0 ~umn hc~ctan~~ Till: mchvHhml ttntzler~ hnve tn nnnncc thih cnst ns thQ 
thm,~ Tru~:;t hH>\ vtrtuntty 1to n~<~.~ltt~ nnd no hmrowmH pm\~~r 7 .TIHH'¢ muy he snrn(il tinntH::hd 
c~.:ononmts. m ~t•Hmg up u ~\;;lw,n~:~ \v'ht~ll'hy Tnli-\f~ lmrrnw rHIHWY .lur tht! work nnd HHll>ftJ~() thG' 
t;'o!')t m an mh.htmn to wnun nuc~t. Thl" nwt::hutU\fH tJ.t Uhl,:nt by Stun~ Cnun!.:Hs lo fit.um~1~ lh~ 

ft"ilt.'HiuHnn of IHWH WUh:ru TlH: U~;t• nf sud\ H llWL'IHUH~IH \Vonld olWHHI~Iy HWUH H \;~t;~ry hWktt! 

uu:nm"t' wwvr rule~ nvct tht~ t·lnrmu t:hmw~~. 'lltc wnhN mt.'~ cm.lld he baked on nn nnnunt 
c<mnt~·~·ttt.m ~.:twrttt' WI u n1dU l nml on th't tiM;' of \nH~1r 

( hWI~tltnWUfl>. lWVll tnl~;t•n II vmwt}' nl uctum~ to (t(l!.TlUnl.f],U ul :l'(~ TrtiMk to fl~pluctt lkm,! dtnill!f. with 
fHp,~d rc.+ti{.'Ulnuon ~o~y~l(tJll~ H••(W\Hm tht!Hl the J~~Hh!rnl nnd !{h\lt~ Ouvnnun~IHs rmy so f'l!!l'(:pJll nf 

thi! to"t nl tl:lwhlhhUlnt/. n hnn:. lu N<.•w South \Vuk't;, the f)<~pmlrnt\nt of LMtd mHl \Vnn!r 
C.tm,crvaonn hn~~ ~tlpplwd u !\mall ~llhkidy by und<!rtukml.~ IlK' dest~n work n~;"t.JI:Wftrd whh JHHV 

r~ln:u.luuun ~y~HNnl-1. ·rhc atnvt·rmnant L'KmlnlmiJnnb prc~umnbly r~~~..~ollnlli(t ttxturnnJ.Uh~ij ns~ocHHed 
Wlth th~ l.~lU'f<:Jll U~C of WU((H' Hl tht~ fln~H\. 

The dcvt•lupnt(mt of rh<: < lnHH AncMiiH BuMn can h(! t.~hm•nchwis~~d Ul'. nn JnhtoJ pt!tind of z~ ; fnJ~} thr 
nW m u lnullly uptm m~r'·~~-. 'mvirnnnu~m. Ttn" Wmi thUnwed hy an mnlal p~dod nf ,,.,)H~0l'H nh.mlf 
tilt;' rup1d ~~e~::rem .. t~ m tht.' pntcnlmnu:~ln~.~ ~urfiWf) or Hn~ t.ltJUiff:w tmd thjl mliHi~HlH¢rH reduction in 

,.,mer flow. Stru'~ wwcrm1um1~ ruhpfmdad by nltt·mptitlJl to 111et drilling nnd hora ~tnndntd6 

qm:~nmnbty to nuh.tt:(;~ wn&te) nmt m st.Jfmt cnMts hy Jh.t(mMug tHJI'ot~. Cun\Ullly UctnJsin,l 
prt,lViii<Hth nw h1 Hv~ urc IJflt~vc:nly OJ}I)IIcd m;tm~·~ ~nne bt>tnldnrfu$. fn stlrn~J cnsos th(~ m·,wi~hln~ 

ttt t.htt h1.:en~" hum nnw rJHt''t tmm hor<!ti nnd flow rntcs nre HlllHUnn::d ctmt.hunlU~Iy <.w HI om<'J<un 
Hncrvuts. ln oth~r '~UM~~ tmros HH1 U<H lltlitnscd alt.htn~t,~h th~ flow nmy f)O OUlllntH'UtL hl tuuro 
t:•xlreme "Ht.tatimu~. the lm;miou tlf' nttli~:,~t.i>n~cd ht;mls i~ unknown w Shl.\!J Autltodtl~ts, 

~n!llt) ~~rnrlt.~l~ In Nt~w ~knuh Walttt~ nmy he nhl~" tn hm't'l)\\1 Ulnlllllh tho NSW Hl.ll'«l /\.tU!I$lHO~t~.t Allll.u;lrH~ h"l 
f liHinn} dlt! JH\'\~hlnt~Hl 

H 'nt~~ work hy Cn~p .• K~~lhlWfl}'. Mndd~J~t mtdllnHJ1thmnt l·fiQ.il) lH~toth~dt! ~tH'V!ly uff!tnu~~~ !UI~lSJ'itti~f111Jlt.tl,~ 
Uum Tn.l11t~ til t,hf) rm~~l n, '!th nt Mr1n:e:. ff iochnh~•J (!IJ!1$4UHtl:J on thll JlHIJU!Jh~lh Of Jhg ii~V\>~HiU\UU; hlJ>fJI}!J~li'l11lU. 
Imd.n vmtm~nl.thm.Jn~:nl C, tttmC'll~ I.Wdt~rulk~ nnd tuuuwa Hlu.W('lrkns.!mn ol'llhHrtll .. ~<lVl$h:H\ ot'WIHl::t1 SHHf\IYHHI\~, 
rmmn tnwn~ nltht~ Jt~SHJtl. All fifthJlt)fUhHll~ wur~ !tHlJthiJllt:l~Hy U.BtliMI tnH~hn flUll)'liml. 
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C'onecttlh nbr,ut the hLJi:itnhmbilty or lh'~ curront use <.lf wutcr from tho cnHrc Jlns)n lmvc rc. .. 
emerged. ~:ttwa nu.cd'i ttl b(! known about the hydrology oflhc Basin b~forc lJJasc L10Jll.'cms cnn be 
c<msid<:!rcd ndeqmnely in econonlic models.lr there is u l;wge rcsQt.m:c with some ,·clmivcJ.y mllltlf 
nm.v chnrnct~;wisrks. it mny he c.conomlcully rcnsonnblc to •mine' thu J'Csotu·ca. If wntar in tll(l 

lln:-;m i& tn trc.mcd Uh u flow resource. the hydrolngicnl ctmnlt.~tcristics or the flows must. be knnwu 
in (>rdcr t.o !)pt:ctf'y the cmlMt'nints t·cqnircd in an oconomic model. HGonmnic 1nmlcl!i could 
cnns1det• cornpctitinn fnr wntt:W tbr vmious end nsc!'l mnong the vndous :)Ub,.bnsins nnd shnw 

po&sihk1 Ollt(.!oJnes o~M,cintcd wttb the nppllt~mion t>f policy mcnsures stJ\;h Sl& li!.Kt~tsing or bores, 
volunwLrlc r~Zstru:liuns~ wnwr clwrgc~ nnd nuwketahle wut.er ri.ghts. 

The nH>st widcspn;H~d use uf !he wnrcr from lhc Unsm i~ for Sto!;.'k wmer. This W!Uer ih rm 
ilnporumt input tnto the gnv.mg industr.ic~" of the st"mi.,nrid and ~:lrid urcn» of the Bu~in. fndcod ifc i~ 

<hftkuh to ~Sec hu\v the grmdnp, tmfUhlrics in the!\\! nren~ could survive withom m1cshU1 wuter. Jn 
some ~uh .. hnsin~ U!-!CI'~ of stuck wnter 1draady l.!tHnpcte with cuch olhar nnd with other uses uf 

water in mmlll'icd <hy Hcensing of bores) open nc<.:css c.mvJronmcnt. 

ln th~ r>nM most of tht~ stock WHJC'r hn~ bgcn reuculuted in bora drain:, which 'waste I wntcr nnd ~u·c 
subject to some dmvn1-;trcnm externnlith:!··· R<.,ph•ccment of lhc drains with n polypipc J'cfk!uhuion 
sy·,tcm rcprc~cm~ a major irwcstment for lllO!ott liM~rh, J n nmny cH!l~~ the rcplnccmcnl doch.ion is 
cumplicutod hy the ncccbsity for ummJmtty unlong tnllmbcrs .,)r n Bore Trust nnd hy flnnncing 

conMrnints. Further re~enrch is needed intn institutional UtTIUlgcmom,\) thnt mighl cn~e these 

complicauons As corn petition increatsch for the usc or wmor. the pricing nr wntci or tho nllocntion 

of lntll&fcn\blc wntcr· rights will provide incentives for the possible adoption of tim wutcr S!:tving 

tcdmQlogy. 
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