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Abstract

The water of the Great Artesian Basin is an important resource for the grazing industry in the
semi-arid and arid areas of the Basin. The initial development of the Basin was a *free for all’ in
an open access environment, State governments now license bores to restrict the use of water, but
enforcement varies across states. The most widespread use of the water from the Basin is for
stock water. In some sub-basins users of stock water already compete with each other and with
other uses of water, There are clear local externalities with neighbouring bores but the extent of
extraction extemalities of any bore on the entire Basin is probably limited. Most of the stock
water is reticulated in bore drains. Replacement of the drains with a polypipe reticulation system
(primarily a water saving technology) represents a major investment for users, The replacement
decision is complicated by the necessity for unanimity among members of a Bore Trust and by
financing constraints. As competition increases for the use of water, the pricing of water or the
allocation of transferable water rights could provide incentives for the possible adoption of water
saving technology.
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Introduction

The Great Artesian Basin provides some interesting resource economics problems. The major use
of water in the Basin is in the provision of stock water over a wide geographic area in climates
anging from well watered to arid. From a production cconomics standpoint, artesian water is a
key resource in-the grazing production processes of the semi-arid and arid areas, The provision of
a substitute resource would be very costly. While the total value of grazing in the semi-arid and
arid areay is not high. the marginal value product of the antesian water resource use in grazing is
probably quite high. In addition 1o the provision of stock water, a small amount of witer is used
for frrigation in Queensland and Northern New South Wales. Water is also used for town
supplies and mineral and energy development in inland areas where no other supply is available,

There are current concerns with the ‘sustainability” of the artesian water resource and a particular
concern with replacing “wasteful” flowing bores and bore drains with piped reticulation systems.
Local externabties are associated with current the use of water and there is the possibility of basin
wide externalities in the future. Graziers, through bore trusts, pay only for the maintenance of the
bore and the bore drain reticulation system, and not the water itself. As the concerns have grown
there has a move to restrict the use of water by licensing of bores. but linle use has been made of
pricing or transferable property rights to manage the resource. The tentative approach taken in this
study 1s that the water in the Basin 1s essentially a stock resource with some flow characteristics!.
Thus standard resource economic theory can be used 10 consider the current concerns,

At present there is a limited demand for the water from the Basin mainly due to its quality. The
quality of the water seems generally 1o deterforate with movement west and south through the
aquifer. With the exception of small areas in Queensland and Northern New South Wales Jocated
at the edge of the recharge zone, water from the Basin is not suitable for irvigation and it is only
used domestically where other water is not available, In the future it is possible that new
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 Artesian Basin extends from the Gulf of Carpentaria, through western Queensland into
New South Wales and across o- the north cast of South Australia and the Northern Territory
(Figure 1) underlying about a fifth of the Australia continent, Much of the area. is arid or semi-arid
and the major land use is extensive grazing of sheep and cattle. Prior to- the tapping of the Basin
flocks and herds were confined to areas watered by natural water courses, Many of these ww;iter
courses are very unteliable. The land use wis very extensive grazing on large stations. Where st -

Smchur Knight Mw,, ( 199S) p. 3 mku the alternative approach ‘Groundwater, like Surface water, should

be considered a bunmmahlc natural resoruce, not aresource or some other element 1o be mined”
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stocking was practiced, stocking rates were very low as the area around water could support few
animals. Alternatively, animals had 1o be moved frequently between various sourees of drinking
watter and feed.

Great
Artesian

FIGURE | Location of the Great Artesian Basin

The discovery of the Basin m 1878 was followed by a period of rapd and uncontrolled
development of the water resource from 1880 to the early 1900s in an open access enviropment.
Many flowing artesian bores were drilled and the water was distributed in open canth drains. Sub-
artesian bores were drilled and equipped with windmills, tanks and troughs. This development,
combined with investment 1o fencing and other infrastructure allowed somewhat more intensive
tand use and the subsequent division of many of the stations into smaller family owned units.

At present the Basin provides the only reliable water supply available to most of the graziers, 1o
same scattered mineral el energy industry sites and to o number of the towns of the region,
Thus there are a variety of end uses and users soattered over a wide geographic area, separated by
State boundaries.

There have been many concerns over the years that the Basin is over exploited, These concerns
were first voiced only a few years afier the initial development of the Basin and followed falls in
the potentiometric surface of the aquifer. These concerns resulied in & series of Interstate
Conferences on Artesian Water from 1912 to 1929, followed by considerable research efforts
investigating the geology and-hydrology of the Basin.

The current concern is again with the ‘sustainability’ of the resource, with an-estimated averag
annual recharge of about 410 million cubic metres compared (o an estimated average annual -




discharge of about 530 million cubic metres (Jacobson, Habermehl and Lauw 1983). The issue of
sustainability is discussed furiher below, According to Jacobson, Brown and Harrison (1983)
inefficient and uncontrolled use of the water extracted from the Basin, mainly from flowing bores
reticulating water into bore drains, results in only about 10 per cent of the discharge from the
Basin acwally being used. The development of new technology, espeeially in the manufacture of
polypipe capable of reticulating hot water from artesian bores, has led to increased interest in the
‘efficiency” of water use in the Basin. It is now technically possible to replace bore drains with
polypipe and booster pump reticulation systems and some of these systems are in operation. This
replacement has been encouraged by Federal and State Government action to rehabilitate artesian
bores through Landcare programs.
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Hydrology of the basin?

Itis important to know sometlung of the hydrelogy of the Basin before attempting to construct an
economic analysis on which to make policy recommendations. The Great Artesian Basin was
formed during the Mesozoic period between 65 and 240 million years ago. The aquifer system is
comprised of multiple layers porous fractured sandstone confined between impermeable rocks on
the bottom and by thick marine sediments on the top. In many areas multiple aquifers are
separated by more or less impermeable layers of silistone and mudstone. Surface water enters the
aquifers from the recharge zones which are generally located in the higher rainfall areas of the
Great Dividing Range in Queensland and New South Wales. During periods of the geological
history of the Basin, rainfall in the recharge zone was much higher than it is today. This ‘old’
rainfall has largely contributed to the vast reserves of water found in the Basin now,

Water permeates down between the confining rock layers until it reaches the aquifer. As more
water enters the recharge zone the level of the saturated zone rises and water is held under
pressure in the aquifers. It is forced to the surface through bores and natural springs (see
Figure 2). Some of the notable natural springs occur in mounds on the south western edge of the
Basin near Lake Eyre. Water is heated in the aquifer and often has a temperature of over 50°C on
emergence at a bore head.

The aquifers in the Basin vary in thickness from tens of metres to thousands of metres, with the
top and bottom confining layers varying in height. Ridges, troughs and faults separite the Basin
into a series of sub-basins. The Basin is tilted up. to the north east, forms a large basin and then
rises gently to the south west. The general movement of water is towards the south west, ‘but this
movement is very slow. o

The upper level of the saturated zone in an aquifer is the ’hydrauhc : ‘piezonietric’. -or

‘potentiometric’ surface. ’I‘hxs is the level to which ‘water would rise in 4 cased

2 ’l‘lns section draws hc.ml v ot H.;bmnchl and:Seidel (1979), Habermbel (1980), Hawkeand: C’rams ‘ (il 984} nnd
Williamson (1984)




potentiometric surface is influenced by injections of water at the recharge zone and by extraction
through springs and bores. Interestingly, it is suggested by the Australian Water Resources
Council (1975) as water is extracted from the Basin and the potentiometric surface falls, rechar e
may increase.

A Hflowing bore’ is produced where the potentiometric sutface of water is above the ground level.
After a bore is drilled, a conical shaped reduction in the potentiometric surface oceurs around the
bore. The fall of the potentiometric level reduces the pressure head of the bore. A drop in
pressure results in (i) a reduction in the volumetric flow from an artesian bore or (i) moie
seriously, a flowing artesian bore may become sub-artesian. A sub-artesian bore is produced
where the potentiometric surface of water is above the ground level, Water from sub-artesian
bores must be pumped to the surface. Pumping may be expensive due to the eapital and operating
costs of the pumping equipment, The reduction in potentiometric surface is most rapid after {he
initial tapping of a sub-hasin due to the ‘elasticity” of the aquifer.

Recharge
CZone

Artesian bore Sub-artesian bore
Ground surface \_ Potentiometric surface

e

Unconsolidated
sediment

, /Porous sedimentary rock/
Folded impervious rocks™ ' > ~

FIGURE 2 Illustration of the Great Artesian Basin

Since the widespread drilling of artesian bores about a century ago the potentiometric level has
fallen at any point at which long term measurements have been recorded. There are clear local
externalities with neighbouring bores over distances of a few kilometres, On the castern dgﬁof = ¥
the Bzwin the flow »rat‘c of many bores hasdccreaqed dramnl’i’caﬂ]y :‘md *manyrhavc 'h Tom

.(hc entire Basm is unclcar and is probably very hmued Al'
these effects using computer s;mulauon:modelsa(:simd:cl; 1980),

31 have. porscmally observedanovement alsevaralk
bores-anda substantial: deercase in the: Tow Trom: bom m ih




Bores and bore drains

Bores vary in depth and age. Many were drilledin the 18905 with another burst of activity during
the 1930s. Many bores are over 4 (housund metres deep. Allof (he older bores were cased with
metal or metal Jined wath conerete. The casing niay deteriorate \wth age and in-some sititions the
casing has corroded through. A similar problem arrises where witer m,ﬂpeg, between the hore
hole and the casing. I both situations, artesian water has escaped, or is eseuping, into upper
level sub-artesian aguifers or into permeable layers of rock, gravel and sand through which it-can
percolate to the surfaee. Where artesian water escapes into-the upper level sub-artesian aguifers, it
may pollute the upper level water depending on the quality of the two sources of water, Where
the artesian water seeps to the sarface it may caouse nising water tables and soil degradation
(sealding’) due 1o the salts dissolved in the water. This problem con be remedied either by

repairing the bore casing. or often, by blocking the bore at depib and deilling a new bore. Both
remedies are relatvely costly with each costing arotund $200,000.

Bore drains renculite water from flowing bores m eurth channels. Usoally a fowing bore
services a network of bore deains running through several properties, Livestock on the propertics
drnk direetly from the bore dram. Much of the water flowing from a bore 1s fost through seepage
and evaporation i the drins,

There are a variety of prablems assocrated with the drmins in addition to the problem of water
foss. ‘The Jocation of a dram is often constrained by topography as 1 must broadly follow o
comtour with sregular small fall from that contour, The constrained focation means that stock may
have to walk long distances (o water thus reducimg their productivity (see Squires and Wilson
1970; Squires, Wilson and Daws 1972; Squires 1981), The location of the drins may ulso
unpede othier agriculturl activity, espeaally farming. Drains have o be ‘delved” . repular
intervals o clear soil and vegetation that would otherwise result in blockages leading to water
flowing out of the drain,

Land holders close to a bore head have a much more relinble and better quality water supply than
those at the ends of the drains. This especinlly so where the flow of water from a bore has
decreased over ume, Originally the network of drains was developed to-use all the available winer
and as the volume of water flowing for o bore deereases, it can no longer adequately serve the
network of drains. Further, during wet periods bore drains act as drainage channels and Jand at
the end of drains can become water fogged-and saline. Overflow from bore drains can also pollute
natural water conrses, This cun be a problem where the quality of the bore water is panicularly
poor.

The drains also provide a-means of spreading weeds and livestoek diseases dow
also provide feral animals, especially pigs, with a distibuted water supply ine
difficulty of eradication,
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Water reticulution by polypipe

Replacement of bore deains with polypipe has occarred in some areas and is planned for many
others. Replacement can be planned so that o central bore or series of bores mopp]iws water in
many directions. As part of the replacement, bores (hat are unsansiactory for ong ieason or
another can be capped as fewer bores are required (o supply witer,

The diameter of polypipe required i the reuealation system is reduced by using booster pumps,
as large diameter pipe 1s expensive. 1o the closer settled nreas the hoosier pumps ean be Joasted
near existing powerlines. Inmost ~ases water is supplied to congrete tnks to give a small reserve
of stock water m case of system farlure.

The advantages of polypipe reticulanon over bore desns are fairly obvious (see Bigeland 1991).
Antestan water is saverl, the reliability of water supply is umproved and water can be delivered 10
any destred point on a property. Operating costs are modest and comparable wilh- the maintenance
costs associnted wuh dehving bore drwns. The major problem with the polypiping is the (x‘np_mxl
cost. Apart from bore relabiiation, pipe and punmips about $1.500 per kilometre.

tnstitutonal areangements and the control of water in the Artesian Basin

Itis swell known that management of water supphies i Australin i under the jurisdiction of ahe
States In a few cases, specil purpose nstttions Tave been estabhished 1o co-ondinte policy
and/or nanage where water management issues specifically cross state boundagies. Bxamples are
the Australion Water Resources Council, the Musray-Darling Busin- Commission and the
Dumaresq-Barwon Border Rivers Commission.

The history of govermment mvolvement i water management originaied with qrigation in
Victaria with the Irrigation Act 1880 (Vie) and srtesian water in New South Wales. The Artesicn
Wells Act 1897 (NSW) enabled groups of grvaers to obtain Government assistance to-a diill bore
to supply their properties. The Water and Drainage Act 1902 (NSW) encouraged the formtion-of
Bore Trusts to administer a bore (or seres of bores) and the associated drain network, This
period suw a rapid redistribution of Tand as farge leasehold or freehold stations were divided into
smaller units following the establishment of reliable water supplies,

The use of surface and undirground water in New Soutl Wales is now controlled under the
Water Act 1912 (NSW), which developed from the Artesian Wells Aet. In Queensland the Water

Am 19 06 (,Qld) wiis b.mcd on th Naw South W.xlm Acl, Imt wils tore nmmwly mw,wd Ql\




the Water Aet 1992 (NT), Historieally, the major thrust of the legistation was to ensure gound |
construction and mpintenance of bores rather thim- control the tise of water (Clark, 1979 p.159).

The administration of ground water resourees 15 now under the gontrol of the Department of Liand
and Waner Conservation 1 New South Wales, the Water Resources Commission within the
Department of Primary Industries in Queenstand, the Department of Enviconment and Natral
Resourees in Seuth Austsaba, and the Warer Resources Division of the Power and Water
Authorily in the Northern Territory (see Sinclair Knight Merz 1995).

In New South Wales the Department of Land and Water Consersation is attempting 1o licence all
artesn bores. The bores supplying waer lor irmigation are licensed. Users are charged $150 for
the issue of the licence and an annual charge of $100 per bare. There is also a volumetric charge
of 40 cents per ML Many privite and Trust bores supplying stock water are unlicensed but the
flow of many of these bores 1s monrtored from e 1o time, Other bores are licensed and the flow
is monitored. The users of this water, mamly as members of Bore Trusts, do not pay for the
waler.

The powers of Bore Trusts in New South Wales are specified in Seetions 52, 53 and §4 of the
Water Act 1912 ¢NSW). The Trust has many of the charactersties of a elub (for a review of ¢lub
theory see MacAulay, 1995) with rate payers having responsibilities to, and deriving benefits
from membership of the ¢lub. The Trust collechively undertakes functions that are beyond the
capacity of individual members of the Trust. The Trust maintains the bore and drains and levies
rate payers for the work. All rate payers in a gaven Trust pay the same sate for each heetare
*henefited” by a bore dean, regardless of the rehahility and quality of the supply. The rates are
very modest. Bore drains are sited and mantenance work 1s undertaken with the consent of the
rate payers eoncerned. Basements are notheld by the Trust and drains are essentinlly assumed 1o
be temporary, although many have been i place for around 100 years, Replucement ol hoie
drains with polypipe is abviously not mentioned in the Act®, but administratively is assumed to be
maintenance. It follows that the decision to replace the bore drains with polypipe requires the
consent of all ratepayers in a Trust.

Economic questions
Economies of the extraction of the resouree

Barlier it was assumed thar the water in the Great Artesian Basin is @ stock resource with some
flow characteristies, This assumption is ‘based on the author's very fimited understands |
hydrology of the Basin and the abservation made by many authors that the mave nto
the basin is very slow. Williumson (1984) p. 40, for example, staies that *{he st ;
movement...within the ringe of one kilometre every 100 yaars 1o one Kilometre every 600 ‘

+here appears 1o have been some considerstion of amendiment of the Act to.cover his repla¢




years..it 1s evident that the water issuing from bores may be up 10 severn) bundred thousand
yeurs old’

The economies of the extracbon of an exhaustible resouree have been well known wnce the
famous paper writen by Hotelling (3251 on the subjeet. Extraenon of anesim water has many
of the ehametensties of e simple exhausiible resource extracton problem posed by Randafl
(1987) chapter 15, Assuming away problems of ownership of the resouree and any consequent
resouiee ek, there 1s 1 mavginal extnetion eost feapial cost of bores and drains or pipes plus
mainfenanee costs wineh may rise over e as a given hore or bares ina sub-basin beeome sub-
artestan (pumping costs) and o marginal user cost based on future demand for the resoree. In the
artestn waler case however, thete 1s no current mrrket for the output, water, and lienee no
market price Imputed prices could be determined from the derived demand for the mput, witer
used 1 the farmung (water for ungation), grazang (waler for stock), and mining mdustries
Cindustrtal” water) praducmg ottputs fram the respective industries. In practice these imphied

prices could be estimated using mathematical programming models of representative firms in the

respective industries using waler from the Basin A prmiry denand exasts for water for wrban
use and (f could be estimated by questionnaire or direet observiitional niethods.

Aspeets of the mulupenad extracton problem could be considered using multiperiod  linear
programming® or dynanne programmung. These models could mdicate opumal extinetion rates
and wnplient prices over tme under an essentially open aeees s regime representing past policy, o
siwanion where access was imited by policies such as the present bore leensing policy, or
represent pohees such as marketable water nghts. The models could also shed light an the Jevel
of resouree rents that mught be extracted under aliernative assumptions sueh as monopoly
(perhaps government) ownership of the resouree (see Zilberman, Wetzstein and Marea (1993),

I the water 1n the Basin is wreated as 3 flow resource, the programuning problem could be
constrained so that water use would be fess than or equal 1o the reeharge of the aguifer, The
policy options outlined above could be examined under this constraint, 1 the possibility of
mereasing the rechacge rate as extraction js inereased were included, some interesting non-linear
activities and consteamts might be added to the model,

The simple situation above is complicated by the existence of loeal externalities in sub-basins,
least. In most sub-basins water s only used for stock wicr with litle competition between tsers.
However in some sub-hasins there is competition for the stock water, A good example is the use
m .xru.,zsi'm waler lcar nmm,g, a Rmby l:)cownsm ‘muh Ausmlh.r. In slu,s cise mu,, fs r:om;wmian

mw *u.smt.uui ezmxysmm (Plf,,l‘ﬂm, 986 l'hu mml,ud Leonomie

5’!’!»«% umam mq,,m he hmmuy simihir to the *pricesfinked form ang- smiinﬂt»s:guii’du'i‘mjﬁj)n:r_gmmi}iiﬁiga‘nimi@'fs‘f e
proposedby Bmtermsant MacAulay £1994) ' o L




of a-market for transferable rights to use water (see, for example, Randall 19811, Th is could
include the ereation of a property right forenvironmental water {Collins and Seocei (NETE 0, 1995).

There are other examples of increasing competition for water in areas of New South Wales. In the

Laghtning Ridge area there is compatition between town waler, mining and stock water uses with
the demand for town water and mming water, especially, increasing, At Moree, & growing tourist
industry uses aressan water direetly e spa baths® and competes with town water supply,
wrrigation and stock water, Thus 11 s possible that mare competition Tor artesian waler will ocenp
i the fature as either new industries (or urban areas) demand water of the current quality, or hew
technology 1s develaped to improve the quabty of the water. Thus tansfeable property rights and
pricing solutions may become more naportant in the fnwe,

Polypipe reticulation (o replice bove drains

To take the simplest spuation, of the decision to mvest m a polypipe reticulation system were o
purely prvate one, with a hore Tocated on each property, a grazier could assess the likely costs
and retarns from the myvestment vsing et present value as a decision making eriteria, Some
graziers, especilly m the arl zone, fice this situation. The only exterality the grazier would
have to deal with 4 privale production externality (the fall in the potentiometie supface) crated
jomtly with other users in the sab-Dasin. The {all in the potentometrie sutlace leads to a reduction
in the flow at the hore head and ulimately 1o the need to pump water. In an open aceess
environment each user should recognise the production externality as they draw waler from tlie
same sub-basin. Voluntary agreements and/or amalgamation of users mto Bore Trusts 1o
internalise the production externality provides one solition. The group could voluntarily set limits
on bore flow or fimit consumption using pricing procedures or mvest in (the wafer saving
technology.

A more common situation is where water users are already grouped i Bore Trusts and enjoy the

economies of a bare shared among several graziers. These users face the produetion extemality

outhned ahove. They share the use of bhore drains and experience a flow of externalitios

downstream. As discussed above, downstream users sufler problems associnted with *pollution’

and unreliable water supply compared 1o the upstream users, Upstream and downstreamn users

thus face different incentives when faeed with i deeision on replacing bore drains with polypipe.
A further diffieulty is the need for unanimity among members of 4 Bore Trust in the wplacement ,
decision, Different members of a Trust face different production, consumiption «nd investment

priorities and are subject to different financial constraints,

For the members of a Trust to make a unanimous degision m make:
nceded 1o replace bore drains they must be convineed ¢itl

the substantial nvesiment

b "Phere is sn assoginted waste disposal problem in s ense,
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their investment worthwhile, o tat "this govesnment is gofng (o step in” and foree them to mke f s
the replicement for some ‘enviranmental® renson. In the closer seuhed areas, on e margin
between farming and grazing, the mvestment may bo justified paely in feoms of net privaie
benetits assoctte with fmproved stock and croppug productivity (see Crisp, Keflaway, Mudden
andd Batterim, 1994). The et private henefits are likely o be Tess apparent i the spursely settled
sermenrid and arid areas,

The finsnesml consteamis fcing those individaats or Bore Trst nenthers who wish to invest in
the polypipe system are significant 1n the area north of Mowe the eosts of a il seheme with
wiler supply o each paddock ave been estiniated s about $25 per hectire on propertivs of
rangimg from LU0 o 4000 heetares. The mdividual graziers have 1o finanee this gost as the
Bore Trust has votually na assets atd no borrowiag pawer? There iy be some fnancln
economies 1 settmg up o seheme whereby Trosts borrow money for the werk and mmosise the
eost 1w an addibon o waker rates. This mechamsm s used by Shire Coungils (o finnee the
retieulation of wown wiler®. The use of such o mechamsim wonld obviously mean a very liige
mersime water rates over the curent charges. Vhe water mte conld be based on an annupl

connecton ¢harge (or a aght) and on the use of witey

Giovernments have taken a variety of actions to encourape Bore Teusts to replace hore deains with
puped ceticulation systens. Between them the Federal and State Governments pay 8O percent of
the cont of rehabibtating o bore. fn New South Wales, the Department of Land and Water
Comerviien has supphied a small subsidy by undertuking the design work associated with new
rebeulation systems. The govermment contributions presumably recopnise externalities associnied
with the current ase af water 1 the Basin.

Swmmmry and Conclusion

The deselopient of the Great Ariesinn Hostn ean be eharactenised as an initinl period of a *free for
all” in o totally open aecess environment. This was followed by an witial period of eonvern b
the tapid decrese e tlie potentiomere surfage of the nquifer wird the consequent sedoetion in
water flow. State governments responded by atempting to set drilling and bore standards
(presomably 1o reduce waste) and i some gases by Ticensing bores. Corrently licensing
provisions Tor boses are unevenly applicd across stare bowndaries, T some enses the provisions
of the hoense it flow rates from hoves and flow ptes are monitored eominuaisly or ot ndom
lntervals. In other euses hores e not Heensed although the fow may be monttored. Dy tior
extreme situations the loemion of onlicensed bores is pnknown o State Authorities,

A o -

Ko gweiers in Now Sousds Wales mary b able 1o horrow iough the NSW Rueal Assistinee Authority (o
Fitnirve i imvesient. ‘

B “he work hy Crisp, Kellaway, Madden ad fatierfiom (1994) ineladed o supvey oF T g
Bowe Frimby in thee area poath of Moree. Trincluded questons on e Tinneing of g nvesting S
sl aproposal that foval Couneils undertabe and (inance tie work as pas of el provision ol witer My
st towss of the tegion. Al respondants were siplistically sgamst sieha prspusil 4 L

o i o




Coneerns about the sustainabilty of the eurrent use of waler from the entire Basin have re-
emerged. More needs 1o be known about the hydrology of the Basin before (hese coneerms can be
gonsidered adequately in economic models. I there is a farge resource with some relaively minor
flow claracteristics, it may be economically reasonable to *mine’ the resource. If water in the
Basimn is 1o weaed as a flow resouree, the hydrologieal characteristics of the flows must be known
in order to specify the constrsints required in an cconomic model. Eeonomic models conld
consider competition for water for various end uses among the various sub-basins and show
pussible autcomes associated with the application of policy measures such as licensing of bores,
volimetric restrctions, water chiarges and marketable water sights.

The most widespread use of the water from the Basin is for stock water. This water is an
imporgant input into the grazing industries of the semi-arid and arid areas of the Basin, Indeed it is
difficult to see how the grazing industries in these arens could survive without antesian water, In
some sub-hasins users of stock water already compete with cach other and with ather uses of
water in modified (by licensing of bores) open aceess environment.

In the past most of the stock water has been reticulated in bore drains which ‘waste' waler and are
subject to some downstream externalities. Replacement of the drains with a pelypipe reticulation
system represents a major investment for most users. In many cases the replacement decision is
complicated by the necessity for unanimity among members of a Bore Trust and by financing
constraints, Further research is needed into institutional arrangements that might ease these
complications As competition increases for the use of water, the pricing of water or the allocation
of transferable water rights will provide incentives for the possible adoption of the water saving
technology.
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