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Abstract: The Western Australian wheatbelt has rich wetland associated plant and animal communities.
Most of them occur in or around freshwater wetlands but a significant proportion of species, especially plants,
are found at naturally saline sites where the level of endemism is high. Some naturally, as well as many
secondarily, saline wetlands are likely to be used as receiving bodies for saline drainage water from
agricultural land. Principles of sustainable development and environmental responsibility require that there is
assessment of the likely impacts on plants and animals at these wetlands. These impacts are not easily
predicted but increased hydroperiod may be at least as important a cause of impact as increased salinity. The
relationship between species occurrence and salinity is comparatively well documented; there is very limited
information on the relationship with acidity, which may increase as a result of deep drainage, and the
relationship between species occurrence and hydroperiod is poorly understood. Little is known about trophic
cascades that may occur as a result of loss of species. In this paper, I summarise the biodiversity values of
wetlands in the wheatbelt, as well as existing information on species responses to changes in salinity, acidity
and hydroperiod to indicate the possible impacts of drainage. In association with this information, a scheme
to evaluate the suitability of wetlands for receiving drainage is presented.
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1. INTRODUCTION few pools. Wetlands varied from ephemeral to
seasonal. The extensive stands of trees (or dead
trees) across the beds of many wheatbelt lakes is
evidence of this seasonality [Froend et al., 1997;

Halse et al., 1993a].

Rivers in the wheatbelt of south-west Western
Australia arise in an old landscape with low rainfall
and very little topographic relief. As a result,
natural drainage systems east of the Meckering

Line are poorly defined and river valleys can be The result of agricultural clearing has been to

tens of kilometres wide. Prior to clearing of natural
vegetation for agriculture, there was stream flow
only after major storm events in either summer or
winter and the flow was usually of short duration
[Hatton and Ruprecht, 2002]. Wetlands east of the
Meckering Line were ephemeral.

West of the Meckering Line, rainfall is higher and
gradients increase slightly. Rivers are channelised
and, prior to clearing, many would have flowed
seasonally but permanent water occurred in only a

increase run-off [George and Conacher, 1993] and
to raise water-tables and water salinities via the
process of secondary salinisation [Clarke et al.,
2002]. There has been approximately a 10-fold
increase in the spatial extent of salinity since
clearing [Hatton and Ruprecht, 2002] and the
combination of more water in the landscape and
greater water salinity has lead to a significant
amount of drainage on farmland to control both
ground and surface water [Ali and Coles, 2002].
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Broadscale drainage in dryland agricultural areas is
unusual [Ali and Coles, 2002] but is occurring in
the wheatbelt because the region has an almost
unique level of secondary salinisation [NLWA,
2001]. Lack of comparable drainage elsewhere,
and a unique biota, mean studies from outside
Western Australia are of little help predicting the
likely effect of drainage disposal water on aquatic
biodiversity in the wheatbelt. Many of the aquatic
systems, especially in the eastern wheatbelt, that are
potential receiving bodies for drainage are naturally
saline. While intuitively it may seem that drainage
waters would have little adverse impact on saline
systems, evidence from studies of salinity tolerance
and habitat preference of many species suggest this
is not true [Halse et al., 2003].

This paper reviews what is known of the tolerance
of wheatbelt wetland animals and plants to
increased salinity and altered flood regimes, uses
this information to infer some ways in which both
surface and deep drainage may be detrimental to
receiving bodies, and describes a possible system
for assessing biodiversity impacts of drainage. For
the purposes of the paper, it is assumed drainage
will be directed into natural waterbodies, although
it may also be sent to evaporating basins, dams
constructed for aquaculture or other disposal
options [George and Coleman, 2002]. The
potential, although poorly defined, indirect benefits
of drainage to terrestrial and wetland biodiversity as
a result of reducing effects of salinisation in the
catchment as a whole [Ali and Coles, 2002; Hatton
and Ruprecht, 2003] are not considered.

In common with many biological studies, the term
fresh is used herein for water with salinity < 3 g L'
Total Dissolved Solids, subsaline for 3—-10 g L™ and
saline for water > 10 g L”'. Occasionally salinity is
expressed in terms of electrical conductivity (1000
uS ecm™ ~ 0.6 g L until above 50 g L™ when the
conversion factor begins to approximate 1 gL™).
Wetlands are defined in the Western Australian
Wetlands Conservation Policy to include bodies of
both still and flowing water, i.e. lakes, swamps,
pans, creeks and rivers.

2 WETLAND VALUES

Wheatbelt wetlands have considerable biological
value. In a global context, south-west Western
Australia has a rich and highly endemic flora
[Hopper et al., 1996] and a recent survey of
wheatbelt wetlands recorded 986  wetland-
associated plant species [Halse et al., 2004]. The
same survey recorded 957 species of aquatic
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invertebrates, 58 waterbird species and 21 frog
species. The wheatbelt, along with the rest of the
south-west, appears to be one of the most important
regions in Australia for radiation of invertebrates
with a drought-resistant life-stage [Halse et al.,
2003].
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Figure 1. Relationship between salinity and species

richness for (a) aquatic invertebrates, (b) waterbirds,

and (c) wetland-associated plants [Cale et al., 2004;
Lyons et al., 2004; Pinder et al., 2004].

Most invertebrate species occur in freshwater
wetlands but about 15%, including Parartemia
brine shrimps, many smaller species of crustaceans
and many species of dipteran larvae, are more-or-
less restricted to naturally saline wetlands [Pinder et
al., 2002]. Most of these naturally saline wetlands
are playas, often associated with extensive braided
drainage lines covered in plants tolerant of salt and
water-logging.  About 60% of the wetland-
associated flora of the wheatbelt occurs in, or
around, these naturally saline systems, which are
particularly important for chenopods
(Salicornioideae),  daisies  (Asteraceae) and
strapweeds (Juncaginaceae) [Lyons et al., 2004].

The wheatbelt is a highly fragmented landscape and
relatively few wetlands, even in nature reserves, are
in natural condition, free of significant weed



invasion and hydrological change. As a result, all
undisturbed wetlands have important nature
conservation values. This applies as much to large
naturally saline playas as to small freshwater
wetlands, although faunal species richness is higher
at fresh wetlands.

3. SALINITY TOLERANCE

Invertebrate species richness in wheatbelt wetlands
starts  declining at salinities > 4.1 g L
(6800 uS cm™; Fig. 1). To some extent, loss of
freshwater species is offset by an increase in
number of halophilic ones and, in fact, richness of
predominantly freshwater species begins declining
at salinities > 2.6 g L' [Pinder et al., 2004]. Most
waterbirds are more tolerant of salinity, which acts
as a constraint on species richness rather than a
determinant of it.  Nevertheless, all but two
wheatbelt wetlands surveyed in recent years with
> 15 waterbird species had salinities < 10 g L
(Fig. 1; see also [Halse et al., 1993b]). As with
invertebrates, some waterbirds are salt-lake
specialists: Banded  Stilts Cladorhynchus
leucocephalus and Hooded Plovers Charadrius
rubicollis are obvious examples.

Most submerged or emergent aquatic plants (i.e.
those growing in the waterbody) are salt-sensitive,
although Ruppia persists until about 50 g L.
Riparian plant richness is independent of wetland
salinity in hydrologically undisturbed situations
(Fig. 1) but is inversely related at secondarily
salinised wetlands and streams [Halse et al., 1993a;
Lymbery et al., 2003]. This is principally the result
of increased salinity and waterlogging around plant
roots caused by secondary salinisation [Cramer and
Hobbs, 2002]. Depending on piezometric head, it
is likely that over long time periods other species of
salt tolerant plants, with the same life-forms as
those killed, may establish at the sites but there is
no evidence of this occurring in the wheatbelt yet.

An important consideration for the persistence of
ecological communities in salinized landscapes is
that salinity often detrimentally affects plant and
animal reproduction at lower concentrations than
adults withstand [Nielsen et al., 2004]. Halophilic
species of invertebrates and aquatic plants in saline
wetlands often require a pulse of fresh or subsaline
water to trigger reproduction [Geddes, 1981].

4. DURATION OF FLOODING

Annual rainfall in the wheatbelt varies between 600
and 300 mm and evaporation ranges from 1000 mm
to 2000, depending on distance from the coast.
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Prior to land clearing, few wheatbelt wetlands held
water for long periods and their aquatic
invertebrates and plants have evolved with seasonal
or episodic flood regimes. The distributions of
trees in, and around, wheatbelt wetlands show that
Melaleuca, Eucalyptus and Casuarina do not
tolerate permanent inundation. Emergent sedges
exhibit similar a similar response [Halse et al.,
2004].

Many invertebrate groups with drought-resistant
life-stages have higher species richness in seasonal
waterbodies than permanent ones. Halse [2002]
found all wetlands with high numbers of ostracod
species (9—12) were seasonal. More recently, Halse
and McRae [2004] showed that five of the six
species of the giant ostracod Australocypris in
Western Australia appear to be restricted to
seasonal, naturally saline wetlands experiencing
relatively little hydrological disturbance.

The information above, based on biological survey,
suggests it is likely that changing the hydroperiod
of a wetland will alter its aquatic invertebrate fauna
and its flora. Likely causes of change include
altered cues for hatching and germination of spores
and seeds, and altered time periods available for
grazing animals and predators to establish
populations. In the case of naturally hypersaline
playas, changes to the seasonal pattern of salinity as
a result of altered hydroperiod (Figure 2) may affect
key triggers in plant and animal life-cycles.

5. IMPACTS OF DRAINAGE DISPOSAL

As various forms of drainage are implemented on
secondarily salinised land, the amount of water
discharged will increase beyond that attributable to
clearing alone [Hatton and Ruprecht, 2002] and will
further exacerbate a situation where wetlands
already contain more water than they should. In the
case of freshwater wetlands, both salinity and
hydroperiod will increase. For naturally saline
wetlands, hydroperiod and the pattern of seasonal
variation in salinity (rather than maximum salinity)
are likely to change (Fig. 2).

Depending on discharge volume and salinity, it is
likely that impacts of drainage on biodiversity will
range from negligible to severe. The greatest
impact of discharge will usually be on the
immediate receiving body but sometimes impacts
on downstream wetlands, as a result of overflow
from the primary receiving body, may be more
ecologically important. It should be stressed,
however, that descriptions of potential impacts
provided here are based on inference from



distributional data and species habitat associations,
rather than studies of wetlands that have received
drainage. The descriptions are provided to warn
proponents of drainage of the types of outcomes to
avoid, rather than as an evaluation of drainage
design. The situation where impact will be most
likely is a large quantity of saline drainage water
discharged into a freshwater stream or wetland.
Even at relatively low final salinities in the
receiving body, riparian and emergent plants will
die [Lymbery et al., 2002] and aquatic invertebrate
richness will decline [Pinder et al., 2005].

In some cases, drainage water may contain heavy
metals, nutrients or other contaminants that cause
biodiversity changes beyond the effects of salinity
[Kefford, 2000]. Another potential problem is the
transport of nutrients past primary receiving bodies
through to coastal estuaries during large floods,
such as occurred in the Avon River and Swan
Estuary in 2000 [Hatton and Ruprecht, 2002].
Increased surface drainage is likely to make such
events more frequent and widespread fish kills may
occur, depending on conditions in the estuary.

Acidic saline groundwater is widespread in the
wheatbelt [Mann, 1983] and deep drainage is likely
to increase the frequency of acidic surface waters.
While naturally acidic saline playas occur in the
Belka Valley and around Scaddon [Lane and
Munro, 1983], they comprise a relatively unusual
wetland type to which few species are adapted.
They are the most species-poor wetlands found in
Western Australia.  Furthermore, the species
occurring in acidic saline water mostly avoid
permanent wetlands [Halse and McRae, 2004], so it
seems highly probable that turning seasonal
alkaline salt lakes into acidic permanent ones will
cause significant loss of biodiversity. How fast
acidic drainage will turn wetlands acidic is
unknown; most wheatbelt wetlands are alkaline and
apparently well buffered [e.g. Lake Coyrecup, Cale
et al., 2004].

Yet another agent of change is siltation. Poorly
designed drains erode [Ali and Coles, 2002] and, if
silt is carried into natural creeks, it may lead to loss
of deeper pools in creeks and the smothering of
woody debris and other habitat important for
invertebrate species. Loss of river pools in the
wheatbelt has already been pronounced [see
Kendrick, 1976]. Some drainage proposals include
a commitment to remove silt that has accumulated
in creeks as a result of the long-term erosion on
farmland [Coleman and Meney, 2000]. This has
potential biodiversity benefit.
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Figure 2. Hydroperiod and salinity patterns in a
naturally saline wheatbelt playa (a) hydrologically
undisturbed, and (b) receiving drainage. After Halse
et al. [2003].

It has been emphasised that substantially increased
hydroperiod is likely to have deleterious effects on
emergent and riparian plants. Most of the equally
important effects in the water column will be
recognised only through biological survey.
Hydroperiod affects biodiversity directly through
effects on individual species (e.g. water-logging,
changed triggers for reproduction) and indirectly by
altering the way in which components of the
wetland system interact and through cascading
trophic effects. For example, the nutrient
accumulation and changed salinity patterns that
accompany permanent inundation may change the
ecological character of a waterbody, in particular
the balance between phytoplankton, submerged
macrophytes and benthic mats as main primary
producers [Davis et al., 2002]. This will result in
different animal species using the wetland
[Strehlow et al., 2005].

6. ASSESSING IMPACTS

Assessing likely impact of drainage requires three
kinds of information: (1) quantity and quality of
discharged water and its physical behaviour in the
receiving body, (2) biodiversity or conservation
values of the receiving body, and (3) whether the
values are threatened by discharge. This paper has
dealt mostly with the latter two types of
information, although water quantity and quality



are crucial to assessment. There are currently three
schemes for identifying conservation values of
wetlands in the wheatbelt and the threats posed to
them by drainage. In the Moore River catchment,
SKM [2001] assessed wetland suitability for
receiving drainage principally on vegetation
condition, although presence of fresh water and
threatened species were also used as criteria. They
rejected an earlier scheme of Coleman et al. [2000]
as too complex for landholders to apply. Coleman
et al.’s scheme largely used physico-chemical
measurements as surrogates for biodiversity and
then defined the amount of variation in physico-
chemical parameters that was acceptable, although
vegetation condition was scored as well. More
recently, the Wetlands Coordinating Committee, an
inter-agency committee responsible for
implementation of the State Wetlands Policy,
proposed a third scheme (Fig. 3).

Pre-assessment
Check wetland category
Collect technical data

Assessment process
Cat 1 — EPA assessment
Cat 2 — Approved by Expert Panel if impact unlikely
otherwise referred to EPA
Cat 3 — Approved by Expert Panel unless
downstream impact likely

Indicators for assessment
Current vegetation condition
Current vs natural salinity regime
Lakebed plants, benthic mats and salt crystalisation
Level of human disturbance in and around lake
Likely change to current hydoperiod and salinity

Figure 3. Outline of scheme proposed by Wetlands
Coordinating Committee for evaluation of impacts of
drainage on biodiversity.

In summary, wheatbelt wetlands will be assigned to
three categories according to suitability for
receiving drainage, as determined by existing data
and expert assessment. This categorisation will let
drainage proponents know in advance the scope of
assessment required if a wetland is to receive
drainage. Applications to drain into Category 1
wetlands will be referred to the EPA and the
proposal will receive a high level of scrutiny.
Category 2 wetlands will be assessed by an inter-
agency committee and may be referred to the EPA;
proponents will be expected to provide technical
information in support of their proposal. Category
3 wetlands will be assessed but it is anticipated that
drainage will usually be approved, subject to no
adverse downstream effects beyond the Category 3
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wetland in flood years.
drainage will be assessed.

Both surface and deep

7. CONCLUSIONS

Despite a considerable amount of surface and deep
drainage already having been implemented in the
wheatbelt, the effect of receiving drainage on the
ecology of wetlands is poorly understood, although
the direction of impact on biodiversity is clear.
Only for salinity have response thresholds been
quantified.

Naturally saline wetlands have important
biodiversity values that may be threatened by
surface, as well as deep drainage, so that choice of
receiving body for any drainage scheme requires
careful investigation. The streamed approach for
assessment of biodiversity impacts proposed by the
Wetlands Coordinating Committee should help
protect wetland biodiversity while providing
proponents with a clearer indication of the outcome
of assessment prior to lodgement of drainage
applications.

8. REFERENCES

Ali, R., and N. Coles, Drainage options and their
use in wheatbelt landscapes, in Read, V.A. (ed.),
Dealing with Salinity in Wheatbelt Valleys:
Processes, Prospects and Practical Options, Water
and Rivers Commission (Available on CD), Perth,
1-8, 2002.

Cale, D.J., S.A. Halse, and C.D. Walker, Wetland
monitoring in the Wheatbelt of south-west
Western Australia: site descriptions, waterbird,
aquatic invertebrate and groundwater data,
Conservation Science Western Australia, 5, 20—
135, 2004.

Clarke, C.J., R.J. George, R.W. Bell, and T.J.
Hatton, Dryland salinity in south-western
Australia: its origins, remedies, and future
research directions, Australian Journal of Soil
Research, 40,93-113, 2002.

Coleman, M., K. Meney, A.J. Peck, and D.R.
Williamson, Impacts of rural drainage on nature
conservation values — proposed evaluation
guidelines, Unpublished report, Department of
Conservation and Land Management, Perth, 2000.

Cramer, V.A., and R.J. Hobbs, Ecological
consequences of altered hydrological regimes in
fragmented ecosystems in southern Australia:
impacts and possible management strategies,
Austral Ecology, 27, 546564, 2002.

Davis, J.A., M. McGuire, S.A. Halse, D. Hamilton,
P. Horwitz, A.J. McComb, R.H. Froend, M.
Lyons, and L. Sim, What happens when you add



salt: predicting impacts of secondary salinisation
on shallow aquatic ecosystems using an
alternative-states model, Australian Journal of
Botany, 51, 715-724, 2002.

Froend, R.H., EIM. Heddle, D.T. Bell, and A.J.
McComb, Effects of salinity and waterlogging on
the vegetation of Toolibin Lake, Western
Australia, Australian Journal of Ecology, 12, 281—
298, 1987.

Geddes, M.C., The brine shrimps Artemia and
Parartemia:  comparative  physiology  and
distribution in Australia, Hydrobiologia, 81, 169—
179, 1981.

George, R., and M. Coleman, Hidden menace or
opportunity - groundwater hydrology, playas and
commercial options for salinity in wheatbelt
valleys, In Read, V.A. (ed.), Dealing with Salinity
in Wheatbelt Valleys: Processes, Prospects and
Practical Options, Water and Rivers Commission
(Available on CD), Perth, 1-21, 2002.

George, R.J., and A.J. Conacher, Mechanisms
responsible for streamflow generation on a small,
salt-affected and deeply weathered hillslope,
Earth Surface Processes and Landforms, 18, 291—
309, 1993.

Halse, S.A., G.B. Pearson, and §S. Patrick,
Vegetation of depth-gauged wetlands in nature
reserves of south-west Western Australia,
Technical Report 30, Department of Conservation
and Land Management, Perth, 1993a.

Halse, S.A., M.N. Lyons, A.M. Pinder, and R.J.
Shiel, Biodiversity patterns and their conservation
in wetlands of the Western Australian wheatbelt,
Records of the Western Australian Museum
Supplement (in press), 2004.

Halse, S.A., M.R. Williams, R.P. Jaensch, and
JJAK. Lane, Wetland characteristics and
waterbird use of wetlands in south-western
Australia, Wildlife Research, 20, 103—126, 1993b.

Halse, S.A., and J.M. McRae, New genera and
species of giant ostracods (Crustacea: Cyprididae)
from Australia, Hydrobiologia, 524, 1-52, 2004.

Hatton, T., and J. Ruprecht, Watching the rivers
flow: hydrology of the wheatbelt, in Read, V.A.
(ed.), Dealing with Salinity in Wheatbelt Valleys:
Processes, Prospects and Practical Options, Water
and Rivers Commission (Available on CD), Perth,
1-15, 2002.

Hopper, S.D., M.S. Harvey, J.A. Chappill, A.R.
Main, and B.Y. Main, The Western Australian
biota as Gondwanan heritage — a review. In
Hopper, S.D., J.A. Chappill, M.S. Harvey, and A.
George (eds.), Gondwanan Heritage: Past,
Present and Future of the Western Australian
Biota, Surrey Beatty & Sons, Sydney, 1-46, 1996.

I"" National Salinity Engineering Conference
9—12 November 2004
Perth, Western Australia

Kefford, B.J., The effect of saline water disposal:
implications for monitoring programs and
management, Environmental Monitoring and
Assessment, 63, 313-327, 2000.

Kendrick, G.W., The Avon: faunal and other notes
on a dying river in south-western Australia,
Western Australian Naturalist, 13, 97-114, 1976.

Lane, JAK., and D.R. Munro, 1982 review of
rainfall and wetlands in the south-west of Western
Australia, Report 58, Department of Fisheries and
Wildlife, Perth, 1983.

Lymbery, A.J., R.G. Doupé, and N.E. Pettit, Effects
of salinisation on riparian plant communities in
experimental catchments on the Collie River,
Western Australia, Australian Journal of Botany,
51,667-672,2003.

Lyons, M.N., N. Gibson, G.J. Keighery, and S.D.
Lyons, Wetland flora and vegetation of the
Wheatbelt of southwestern Australia, Records of
the Western Australian Museum Supplement (in
press), 2004.

Mann, A.W., Hydrochemistry and weathering on
the Yilgarn Block, Western Australia - ferrolysis
and heavy metals in continental brines,
Geochimica et Cosmochimica Acta, 47, 181-190,
1983.

Nielson, D.L., M.A. Brock, K. Crossle, K. Harris,
M. Healey, and J. Jarosinski, The effects of
salinity on aquatic plant germination and
zooplankton  hatching from two wetland
sediments, Freshwater Biology, 48, 2214-2223,
2004.

NLWRA, Australian Dryland Salinity Assessment
2000: Extent, Impacts, Processes, Monitoring and
Management Options, National Land and Water
Resources Audit, Canberra, 2001.

Pinder, A.M., S.A. Halse, R.J. Shiel, D.J. Cale, and
J.M. McRae, Halophilic invertebrates of saline
wetlands in the wheatbelt of south-western
Australia, Verhandlungen der Internationale
Vereiningen Limnologie, 28, 16871694, 2002.

Pinder, A.M., S.A. Halse, J M. McRae, and R.J.
Shiel, Ocurrence of aquatic invertebrates of the
wheatbelt region of Western Australia in relation
to salinity, Hydrobiologia (in press), 2005.

SKM, Impact assessment and management of
drainage water discharge to lakes in the Moore
River Catchment, W.A, Unpublished final report,
Water and Rivers Commission, Perth, 2001.

Strehlow, K., J. Davis, L. Sim, J. Chambers, M.
McGuire, S. Halse, D. Hamilton, P. Horwitz, A.
McComb, and R. Froend, Temporal variation,
alternative  states and  macroinvertebrate
community composition in primary and secondary
saline wetlands in southern Western Australia,
Hydrobiologia (in press), 2005.



	INTRODUCTION
	2.   MATERIALS AND METHODS
	3.   RESULTS
	4.  CONCLUSION

	5.  REFERENCES
	HORNBU~2.PDF
	INTRODUCTION
	DESIGN IMPACTS ON DRAINAGE WATER SALINITY
	Flow paths
	Soil Salinity
	Finding the balance

	MULTI-LEVEL DRAINAGE SYSTEM
	FIELD TESTING OF A MULTI-LEVEL DRAINAGE SYSTEM
	CONCLUSIONS
	Acknowledgments
	References


	CHRIST~1.PDF
	INTRODUCTION
	SALINITY ASSESSMENT USING ELECTROMAGNETIC SURVEY TECHNIQUE
	Drains 2 and 3
	The soil salinity in the area associated with these drains h

	CONCLUSIONS
	RECOMMENDATIONS
	REFERENCES

	CHRIST~3.PDF
	INTRODUCTION
	BEST MANAGEMENT PRACTICES
	Six guiding principles
	System selection criteria BMPs
	System design BMPs
	Drainage system management BMPs

	EXAMPLE APPLICATION
	CONCLUSIONS
	REFERENCES

	BLACKW~1.PDF
	INTRODUCTION
	ECONOMIC AND ENVIRONMENTALLY SUSTAINABLE CAPTURE OF DRAINAGE
	Description of the FILTER System
	Description of the SBC System

	RESULTS
	Nutrient Removal
	Source/
	Pollutant
	E. coli
	(mg/L)


	Management of salt and reuse of FILTER outflows by SBC

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	ARALBA~1.PDF
	CSIRO Minerals, Bayview Ave., Clayton (Vic.) 3169
	INTRODUCTION
	2. EXTRACTING SALTS FROM SALINE WATERS
	3. THERMODYNAMIC MODELLING  APPROACH
	4.  THERMODYNAMIC MODELLING — A CASE STUDY
	4.1.  Market quality halite production
	4.2.  Bittern production

	5. ECONOMIC POTENTIAL
	6. CONCLUSIONS
	7. REFERENCES

	ARAKEL~1.PDF
	Regulatory limitations and public perceptions
	3. TECHNOLOGY BASED SOLUTIONS
	The cost estimate figures presented above were based on data
	Based on the figures in Table 2, the sale of products from t
	In some cases the application of SAL-PROC and ROSP technolog


	REFERENCES

	HOEYAR~1.PDF
	INTRODUCTION
	BACKGROUND
	THE HUNTER VALLEY PROJECT
	Mine dewatering
	Desalination
	Water trading and sales
	Resource recovery
	Green offsets
	Comment

	CONCLUSION
	REFERENCES

	MCFARL~1.PDF
	INTRODUCTION
	REVIEW OF PREVIOUS METHODS
	2.1 Australian Bureau of Statistics (ABS)
	Mapping of catchments using air photographs and/or geophysic
	NLWRA Method

	THE LAND MONITOR PROJECT
	Methods

	RESULTS AND MAPPING ACCURACIES
	TOTALS

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	MAYERR~1.PDF
	INTRODUCTION
	METHODOLOGY
	RESULTS AND DISCUSSION
	Salinity relationships
	Stream salinity around the south-west
	Changes in salinity over the last 20 years
	Salt balance
	Water Resource Recovery Catchments

	CONCLUDING SUMMARY
	REFERENCES

	KENDAL~1.PDF
	INTRODUCTION
	Basin Salinity Management Strategy
	Salinity Trading Framework
	Salinity Registers

	COSTS OF URBAN AND DRYLAND SALINITY ACROSS THE MURRAY-DARLIN
	SALINITY COSTS TO RIVER MURRAY WATER USERS
	Domestic water users
	Industrial water users
	Agricultural water users

	RIVER MURRAY SALINITY COSTS
	IMPLICATIONS OF REVISED SALINITY COSTS FOR SALINITY MANAGEME
	FUTURE DIRECTIONS
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	COMMAN~1.PDF
	INTRODUCTION
	ENVIRONMENT
	RECENT CLIMATE
	RIVER FLOW
	GROUNDWATER SALINITY MONITORING DATA
	Gascoyne River
	Lyndon River
	Minilya River
	Ashburton River
	Cane River
	Fortescue River
	Coongan River
	Nullagine River

	DISCUSSION
	CONCLUSIONS
	REFERENCES

	COXNIX~1.PDF
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Rainfall
	Soil classifications and properties
	Soil water content
	Drains
	Drain water quality

	DISCUSSION
	CONCLUSIONS
	REFERENCES

	ALIHAT~1.PDF
	INTRODUCTION
	Location and climate
	Geology of study area
	Experimental design

	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

	ALIHAT~2.PDF
	INTRODUCTION
	1.1 Location and description of study area
	1.2 Experimental design
	RESULTS AND DISCUSSION
	2.1 Discharge rate
	2.2 Water salinity
	2.3 Drain water pH
	2.4 Groundwater salinity and pH
	2.5 Heavy metals in the drain water

	4. CONCLUSIONS
	5.   REFERENCES

	ALIHAT~1.PDF
	INTRODUCTION
	Location and climate
	Geology of study area
	Experimental design

	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

	BELLMA~1.PDF
	Natural Resources Chemistry, Chemistry Centre (WA), 125 Hay 
	INTRODUCTION
	PROPERTIES OF SALINISED SOILS
	RESPONSE OF SALINISED SOILS TO DRAINAGE
	AMELIORATION OF DRAINED SOIL
	CONCLUSIONS
	REFERENCES

	KODIKA~2.PDF
	INTRODUCTION
	Pavement materials
	Specimen preparation
	Test method and schedule
	Presentation of results
	Capillary rise
	Salt crystallization and concentrations
	Observations made on the specimens during monitoring period 
	4. REFERENCES


	KODIKA~1.PDF
	INTRODUCTION
	Scale of the problem
	Generic causes of the problem
	3 FACTORS INFLENUCING SALT DAMAGE TO ROADS
	6. REFERENCES


	MCINNIS.PDF
	INTRODUCTION
	WATERLOGGING
	Ground saturation
	Flooding

	EXAMPLES
	Rural roads
	Sub-soil drains
	Corrosivity

	CONCLUDING COMMENTS
	REFERENCES

	STREET~1.PDF
	INTRODUCTION
	PREVIOUS STUDIES ON EFFECTS OF SALT
	PREVIOUS METHODS FOR DETERMINATION OF EXTENT OF IMPACTS OF S
	PRESENT STUDY
	DISCUSSION
	EM V ROAD DATA ANALYSIS
	FURTHER INVESTIGATIONS
	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES

	GEORGE~1.PDF
	INTRODUCTION
	Lake hydrogeology

	METHODS AND SITE DETAILS
	Borefield design and layout
	Surface water management
	Analysis of groundwater

	RESULTS
	Groundwater: eastern bores
	Groundwater: western bores
	Groundwater: control bores
	Surface water

	DISCUSSION
	Groundwater
	Surface water
	Recovery targets

	CONCLUSIONS
	RECOMENDATIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	DOGRAM~1.PDF
	INTRODUCTION
	LOCATION AND PHYSIOGRAPHY
	METHODOLOGY
	HYDROGEOLOGY
	HYDROLOGY
	MODELLING RESULTS
	GROUNDWATER PUMPING
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENT
	REFERENCES

	HARRIS~1.PDF
	INTRODUCTION
	THE SALINITY PROBLEM
	SALINITY MANAGEMENT
	GROUNDWATER PUMPING FOR SALINITY CONTROL
	EFFECT OF PUMPING ON SALINITY
	7.  COST SHARING

	SALAMA~1.PDF
	INTRODUCTION
	The Salt River System

	METHODOLOGY
	2.1  Geophysics and drilling
	2.2 Pumping and observation wells
	2.3  Pumping test
	2.4  Water quality

	RESULTS
	3.1. Water quality
	3.1.1. Groundwater
	3.1.2.  Surface water

	3.1.3 Aquifer parameters
	3.1.4 Water level fluctuations
	3.1.5 Brine and salt storage in the broad valleys

	DISCUSSIONS AND CONCLUSIONS
	4.1 Broad channel geometry
	4.2 Can pumping effectively reduce water levels in palaeocha
	4.3 Can pumping reduce salinity trends in aquifers and surfa


	RUPREC~1.PDF
	INTRODUCTION
	Background

	DRIVERS FOR A NEW APPROACH
	Initial focus on vegetative options
	Increasing farmer interest
	Large drainage schemes proposed

	ENGINEERING EVALUATION INITIATIVE APPROACH
	Principles of approach
	Establishing the Initiative
	Deep drainage
	Surface water management
	Groundwater pumping and siphon and relief bores
	Safe disposal



	ENGINEERING EVALUATION INITIATIVE PROGRAM
	Site evaluation
	Targeted evaluation
	Regional evaluation
	General evaluation

	Communication

	CONCLUDING DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

	COLESW~1.PDF
	INTRODUCTION
	Scale of the problem
	Decision support systems
	Social implications
	Directing the future
	Conclusions
	References


	READ.PDF
	1 INTRODUCTION
	4. TOWARDS A RATIONAL DECISION-MAKING APPROACH

	BRINKL~1.PDF
	A. Brinkley, C. McAuley, G. Lush, S. Parsons, I. Stanley
	Sinclair Knight Merz, PO Box 2500, Malvern, 3144 VIC
	P. Jackson
	Grampians Wimmera Mallee Water, PO Box 19, Horsham 3402 VIC
	Murray Irrigation Limited, PO Box 528, Deniliquin, 2710, NSW
	K. Devlin         J. Mapson
	Sunwater, Giddy Rd, Ayr, 4807, QLD     ANCID, PO Box 165, Ta
	INTRODUCTION
	Recent surveys have indicated that between 1% and 14% of the
	STAGE 1. CHANNEL SEEPAGE MEASUREMENT
	STAGE 2. CHANNEL SEEPAGE REMEDIATION
	STAGE 3. USER SUPPORT SYSTEM
	CONCLUSIONS
	ACKNOWLEDGMENTS


	HORNBU~1.PDF
	INTRODUCTION
	CONTROLLED DRAINAGE
	EXPERIMENTAL METHODS
	RESULTS
	Effects on drainage flows and salt loads
	Effects on the water table
	Contribution of shallow water table to crop evapotranspirati
	Effects on soil salinity

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	ALIHAT~3.PDF
	INTRODUCTION
	Location and climate
	Geology of the study area
	Experimental design

	DRAINAGE GUIDELINES AND DISCUSSION
	Drain design

	CONCLUSIONS
	REFERENCES

	YANDLE.PDF
	INTRODUCTION
	NAREMBEEN CASE STUDY FINDINGS
	DRAINAGE DESIGN GUIDELINES
	Planning
	Problem diagnosis
	Disposal of water
	Design for problem diagnosed
	Accurate construction according to design
	Monitoring and evaluation

	TRIAL APPROACH AND PROTOYPE DESIGN
	Planning
	Problem diagnosis
	Disposal
	Design for problem diagnosed
	Construction, monitoring and evaluation

	CONCLUSION AND RECOMMENDATIONS
	Conclusions
	Recommendations

	ACKNOWLEDGMENTS
	REFERENCES

	MERZ.PDF
	INTRODUCTION
	SALINITY
	OPERATIONAL OBJECTIVES
	DRAINAGE
	Environmental impacts of drainage

	DESIGN OF ARTIFICIAL DRAINAGE
	Practical requirements
	Detailed engineering analysis
	Field-scale simulation model
	Practical Design Considerations

	CONSTRUCTION TECHNIQUES
	Equipment
	Installation Rates
	Construction pitfalls

	CONCLUSIONS
	RECOMMENDATIONS
	REFERENCES

	CHRIST~2.PDF
	INTRODUCTION
	BACKGROUND
	Drainage salinity and disposal constraints
	2.2  Subsurface drainage management

	AIM AND OBJECTIVES
	MANAGEMENT SYSTEM
	Equipment
	System control logic

	RESULTS
	FUTURE DEVELOPMENT
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	TELFER~1.PDF
	INTRODUCTION
	Background
	Survey aims and proposed outcomes

	DATA COLLECTION & PROCESSING
	THEORETICAL CONSIDERATIONS
	ANALYSIS & INTERPRETATION
	Influence of regional factors
	Regional groundwater flux
	Regional geology
	Floodplain processes

	Discussion of NanoTEM response
	Strongly gaining floodplains
	Weakly gaining floodplains over aquitards
	Weakly gaining floodplains over aquifers
	Losing floodplains

	Influence of locks
	Responses upstream of locks
	Downstream of locks


	CONCLUSIONS
	REFERENCES

	BUSSDA~1.PDF
	INTRODUCTION
	SENSOR DEVELOPMENT – THEORETICAL BACKGROUND
	MATERIALS & METHODS
	Laboratory
	Field

	RESULTS AND DISCUSSION
	Laboratory
	Fieldwork

	CONCLUSIONS

	MEYERS~1.PDF
	INTRODUCTION
	AIRBORNE EM SURVEYING
	HOISTEM SURVEYING AND DATA PROCESSING
	3.1 Acquisition system
	3.2 Survey design and implementation
	3.3 Data processing and depth sections

	HOISTEM EXAMPLES
	AEM PROCESSING RESEARCH
	ACKNOWLEDGEMENTS
	REFERENCES

	HOWARD~1.PDF
	INTRODUCTION
	OPTIONS
	Summary of activities for Options A to G

	ELEMENTS OF THE BENEFIT-COST ANALYSIS
	Water supply values
	Irrigation and dryland farming values
	Marginal damage cost
	Greenhouse implications
	Option costing
	Water quality improvement rates

	RESULTS
	Overview
	Effect of Discount Rate (NPV $m)
	Pipeline to the Sea
	Effect of Clean Wool Price
	Sensitivity to Marginal Damage Cost
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES


	TAYLOR~1.PDF
	INTRODUCTION
	Scope
	Overview of engineering approach

	WATER BALANCE AND WATER RESOURCES
	Catchment
	Potential water resource
	Surface runoff from upper slopes
	Superficial aquifers
	Assumed yield and water quality

	ENGINEERING APPROACH
	COST ESTIMATE AND PRICE OF WATER
	Price of treatment
	Price of collection and transfer
	Overall price
	Price variables and sensitivity

	OTHER ISSUES
	Environmental
	Social
	Economic

	CONCLUSION
	REFERENCES

	KENDAL~2.PDF
	INTRODUCTION
	Basin Salinity Management Strategy
	Salinity targets, credits and debits
	Murray-Darling Basin Cap on diversions
	Water trading

	SALINITY IN THE BASIN
	Salinity in the Mallee Zone
	Irrigation development in the Mallee

	DEVELOPMENT OF SIMRAT
	SIMRAT functionality

	POLICY TO MANAGE SALINITY
	FUTURE DIRECTIONS
	CONCLUSIONS
	Acknowledgments
	References


	HAMILT~1.PDF
	Department of Agriculture, 3 Baron-Hay Court, South Perth
	ghamilton@agric.wa.gov.au
	D. Bakker
	444 Albany Highway, Albany, Western Australia
	Table 1.  2003 mean crop yields (t/ha) and 2002


	SALAMA~1.PDF
	INTRODUCTION
	The Salt River System

	METHODOLOGY
	2.1  Geophysics and drilling
	2.2 Pumping and observation wells
	2.3  Pumping test
	2.4  Water quality

	RESULTS
	3.1. Water quality
	3.1.1. Groundwater
	3.1.2.  Surface water

	3.1.3 Aquifer parameters
	3.1.4 Water level fluctuations
	3.1.5 Brine and salt storage in the broad valleys

	DISCUSSIONS AND CONCLUSIONS
	4.1 Broad channel geometry
	4.2 Can pumping effectively reduce water levels in palaeocha
	4.3 Can pumping reduce salinity trends in aquifers and surfa


	SALAMA~2.PDF
	INTRODUCTION
	1.1 Location and landuse
	1.2 Hydrogeology

	METHODS
	RESULTS
	3.1 Base case scenario
	3.2 Biological solutions: recharge management scenarios
	3.3 Engineering solutions
	3.3.1  Drains
	3.3.2 Localised management


	SUMMARY AND CONCLUSIONS
	REFERENCES

	SAEEDM~1.PDF
	INTRODUCTION
	MATERIAL AND METHODS
	Participatory Rural Appraisal
	Monitoring farmer’s skimming well
	Experiments with skimming wells
	Numerical simulation of hydrosalinity

	RESULTS AND DISCUSSION
	Farmers’ skimming well practices
	Monitoring of farmer’s skimming well

	REFERENCES

	SEYMOU~1.PDF
	R. J. George
	1.  INTRODUCTION
	2.  BACKGROUND
	Siphon mechanics
	Dynamics of bore siphons
	Hillside seepage
	Arnold
	4. RESULTS: SIPHON FLOW
	Arnold




	5.  RESULTS: ENVIRONMENTAL IMPACT
	5.1 Natural streamflow salinity
	5.2 Disposal salinity less than streamflow salinity
	5.3  Disposal water does not recharge
	5.3 Disposal pH Equivalent to Streamflow
	5.4 Volume contribution less than 10% of streamflow
	5.5 Health of riparian system improves

	6. DISCUSSION
	Long-term (maintained) siphon flow
	Suitable areas to install bore siphons
	Costs
	Benefits

	7. CONCLUSIONS
	8. ACKNOWLEDGMENTS
	9. REFERENCES

	FORWAR~2.PDF
	INTRODUCTION
	OVERVIEW OF IRON BIOFOULING — CAUSES AND EFFECTS
	Deterioration of bores
	What are ‘iron bacteria’?
	Factors influencing iron bacteria growth
	Chemical factors
	Physical factors

	Effects of iron bacteria on pumping systems
	Rehabilitation of bores

	IRON BACTERIA OCCURRENCE IN SALT INTERCEPTION SCHEMES
	The first schemes
	Second generation salt interception schemes
	Woolpunda
	Waikerie
	Mallee Cliffs


	CONTROL OF IRON BACTERIA DEPOSITION
	The SA Water Iron Bacteria Control System
	Rehabilitation of the first salt interception schemes
	Mildura-Merbein
	Rufus River
	Wakool


	NEW AND PROPOSED SALT INTERCEPTION SCHEMES
	CONCLUSIONS
	REFERENCES

	HASSON~1.PDF
	A.J. Peck and Associates Pty Ltd, PO Box 1213, Subiaco WA 69

	TELFER~2.PDF
	INTRODUCTION
	BOREFIELD DESIGN PRINCIPLES
	Understand the hydrogeology and groundwater discharge proces
	Identify primary and secondary design objectives
	Develop robust conceptual models
	Constrain the borefield design
	Investigate and design incrementally
	Use empirical data in borefield design

	Avoid under-designing infrastructure
	Monitor and review to optimise performance

	DESIGN AND CONSTRUCTION COST AND TIMELINES
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES


	PLUSKE~1.PDF
	INTRODUCTION
	Over 200 Australian towns are expected to be affected by sal
	Salinity causes degradation of footpaths, roads, bridges, pi
	For example, RTMC [2001] state that Katanning, a south-weste
	Furthermore, Sexton [2003] reports that many rural Australia

	A SYSTEMS MODELLING APPROACH TO WATER MANAGEMENT
	System description
	Abstracted water treatment
	Abstracted water reuse
	The bottled water industry
	Intensive animal feedlots


	CONCLUSIONS AND RECOMMENDATIONS
	REFERENCES

	PRIDHA~1.PDF
	INTRODUCTION
	The problem
	History
	Irrigated townsites

	RURAL TOWNS PROGRAM
	Initial salinity risk assessment and entry to the Program, u
	Detailed research and investigation. Drilling, monitoring, m
	Preparation of a comprehensive Salinity Management Strategy,
	On-ground works prioritisation. Dependent upon the severity 
	Works implementation.  The RTP funded up to 50% of on-ground
	On-going assistance.  Financial assistance and technical sup

	KEY PROGRAM ACTIVITIES
	Economic impact study
	Community Boreholes Project
	Communications strategy

	SUMMARY OF PROGRESS TO DATE
	THE LOGICAL NEXT STEP
	‘Rural Towns – Liquid Assets’ Project
	Project objectives
	Project deliverables
	Project outcomes
	Salinity control.  The main outcome of the Project will be c
	Resource base improvement.  Improvements to the status of th
	Relieving pressure on coastal water resources. Improved wate

	Project costs

	CONCLUSION
	REFERENCES

	BARRON~1.PDF
	SALINITY ISSUES IN WA RURAL COMMUNITIES
	Saline water desalination

	KATANNING CASE-STUDY
	Climate and surface water
	Urban water
	Groundwater
	Groundwater response to the long-term pumping test
	Factors controlling waterlogging
	Water losses from the shallow groundwater table
	Groundwater quality

	Water resources in Katanning
	Preliminary assessment of the Integrated Water Management Pl

	CONCLUSIONS
	4. REFERENCES

	SIRIVI~1.PDF
	INTRODUCTION
	EFFECT ON BUILDINGS
	Soil and groundwater conditions
	Deterioration mechanisms

	GOOD BUILDING PRACTICES
	ENGINEERED STRUCTURES
	CONCLUSIONS
	ACKNOWLEDGEMENT
	REFERENCES

	LEAKJO~1.PDF
	INTRODUCTION
	Brief history of project implementation
	1995–2002
	Post-2003 — ‘USE Program’


	DRAIN DESIGN PROCESSES
	Problem definition
	Knowledge generation
	Policy formulation
	Implementation (design & construction)
	Evaluation

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	FORWAR~3.PDF
	INTRODUCTION
	PROJECT HISTORY
	Salinity predictions at Morgan
	Causes of river salinity
	Options for salinity control
	Why salt interception?
	The challenges for interception schemes

	SCHEMES DEVELOPMENT AND IMPLEMENTATION
	Woolpunda Salt Interception Scheme
	Waikerie Salt Interception Scheme
	Project outcomes

	FUTURE SALT INTERCEPTION SCHEMES
	REGIONAL DISPOSAL STRATEGY
	CONCLUSIONS
	REFERENCES

	RUPREC~1.PDF
	INTRODUCTION
	Background

	DRIVERS FOR A NEW APPROACH
	Initial focus on vegetative options
	Increasing farmer interest
	Large drainage schemes proposed

	ENGINEERING EVALUATION INITIATIVE APPROACH
	Principles of approach
	Establishing the Initiative
	Deep drainage
	Surface water management
	Groundwater pumping and siphon and relief bores
	Safe disposal



	ENGINEERING EVALUATION INITIATIVE PROGRAM
	Site evaluation
	Targeted evaluation
	Regional evaluation
	General evaluation

	Communication

	CONCLUDING DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

	RUPREC~2.PDF
	INTRODUCTION
	REGIONAL PLANNING PRINCIPLES
	REGIONAL DRAINAGE EVALUATION
	Community involvement
	Evaluation program
	Evaluation stages
	Develop analytical tools to assess change
	Establish catchment inventory
	Assess impacts of current land use
	Assessment of options
	Develop regional drainage framework


	AVON RIVER BASIN — CASE STUDY
	Avon River system
	Hydrology of the pre-clearing condition compared with the pr
	Recognising landscape change
	Progress to date

	CONCLUDING DISCUSSION
	REFERENCES

	SHEEDY~1.PDF
	INTRODUCTION
	BACKGROUND
	METHODOLOGY
	Model integration
	Model structure
	Restriction policies
	Reservoir target calculations

	OUTCOMES
	FUTURE APPLICATIONS
	REFERENCES

	CROTON.PDF
	INTRODUCTION
	THE LEMON CATCHMENT AND ITS MODELLING
	SCENARIO MODELLING
	Pasture continued, deep pumping and full reforestation plus 
	Partial reforestation, shallow pumping and these combined
	Surface drainage and drainage with partial reforestation

	SUMMARY OF OUTFLOWS
	DISCUSSION AND CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	BONIECKA.PDF
	INTRODUCTION
	LEAF AREA INDEX AND SPECTRAL VEGETATION INDICES
	Greenness Index (GI)
	Normalised Difference Vegetation Index (NDVI)
	Adjusted Normalised Difference Vegetation Index (NDVIadjuste
	VI3
	Density Index DI


	MATERIALS AND METHODS
	Study area
	Landsat TM data
	Vegetation data
	Data processing and methods


	RESULTS AND DISCUSSION
	Rehabilitation growth pattern
	Vegetation index

	GI
	NDVI
	NDVIadjusted
	DI
	Ground LAI and spectral indices


	CONCLUSIONS
	REFERENCES

	MIDDLE~1.PDF
	G. Walker        I. Jolly
	K. Mathers
	1. INTRODUCTION
	3. HYDROGEOLOGICAL SETTING
	Figure 3.  Summary of recharge model data
	Figure 4.  Example model calibration plot


	DISCUSSION AND CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	DAVIS.PDF
	INTRODUCTION
	2.1 Hydrology
	2.3 Ecological changes

	A CONCEPTUAL MODEL OF SALINISED AQUATIC ECOSYSTEMS
	IMPLICATIONS FOR SALINITY ENGINEERING
	5. CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	HALSE.PDF
	INTRODUCTION

	COLEMA~1.PDF
	INTRODUCTION
	DECISION TOOL SYNOPSIS
	WETLAND PROTOCOL: REGIONAL
	CONCLUSION
	REFERENCES

	SMITHH~1.PDF
	INTRODUCTION
	Background
	Problem
	Objective
	Geology and hydrogeology

	GEOCHEMICAL RESULTS
	Groundwater— major ions, pH and Eh
	Groundwater — metals
	Lithology — minerals

	DISCUSSION
	Groundwater acidity
	Major ion evolution
	Oxidation–reduction processes
	Redox processes within the saturated regolith
	Redox processes at the watertable

	Implications for drainage

	CONCLUSIONS
	REFERENCES

	BARI.PDF
	INTRODUCTION
	CATCHMENT DESCRIPTION
	THE LAKE MODEL
	THE LUCICAT MODEL
	DATA SOURCES
	Inflow and outflow
	Rainfall and evaporation

	RESULTS AND DISCUSSION
	Lake model
	Catchment model
	Scenarios

	CONCLUSIONS
	REFERENCES

	LAWSON~1.PDF
	Posthoornseweg 7 5062 SZ Oisterwjk, The Netherlands
	3. RESULTS
	Value
	P-value


	WILKES~1.PDF
	INTRODUCTION
	STUDY AREA
	BACKGROUND
	METHODS
	RESULTS
	CONCLUSIONS AND RECOMMENDATIONS
	ACKNOWLEDGMENTS
	REFERENCES

	PETERS~1.PDF
	INTRODUCTION
	Overview of Kriging with External Drift

	STUDY AREA
	METHODOLOGY
	Data collection and preparation
	DTWT mapping
	Predicted and observed water level 2000 DTWT map

	RESULTS
	DISCUSSION
	Spatial assessment
	Numerical assessment

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	MUNDAY~1.PDF
	INTRODUCTION
	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	FORWAR~1.PDF
	INTRODUCTION
	DESIGN AND CONSTRUCTION
	Corrosion
	Pipelines
	Air entrainment in pipelines
	Mechanical pipeline pigging
	Pumps
	Pump discharge columns
	Bore hole water level monitoring
	Spear or well point systems
	Flowmeters

	OPERATIONS, MAINTENANCE AND PERFORMANCE MONITORING
	Pumps
	Bores
	Pipelines

	CONCLUSIONS
	REFERENCES

	DESILV~1.PDF
	INTRODUCTION
	METHODS
	HYDROGEOLOGICAL SETTING
	GROUNDWATER FLOW AND DISCHARGE
	WATER AND SALT BALANCE
	GROUNDWATER BUDGET
	STREAMFLOW MODELLING
	EFFECT OF GROUNDWATER PUMPING ON SALINITY
	CASE STUDY — GROUNDWATER SIPHONS AND RELIEF BORES
	CONCLUSIONS
	REFERENCES

	MCAULE~1.PDF
	THE USE OF WIND PUMPS IN SALINITY MANAGEMENT
	Background to this paper
	Purpose of this paper

	CONVERTING WIND SPEED TO AQUIFER DRAWDOWN
	Calculation of available wind power
	Conversion of wind power to pumping rate
	Lifting head
	Calculation of drawdown
	Iterative approach


	APPROPRIATE WIND SPEED DATA FREQUENCY
	Selection of a wind dataset
	Appropriate wind speed frequency for analysis

	EFFECTIVE DRAWDOWN FOR SELECT TRANSMISSIVITIES
	CONCLUSIONS AND RECOMMENDATIONS
	ACKNOWLEDGMENTS
	REFERENCES

	GHAURI.PDF
	INTRODUCTION
	BORE SELECTION & ANALYSIS
	RESULTS & DISCUSSION
	Groundwater rise processes
	Revised hydrozones
	Eastern Drainage Zone — EDZ (combined zones 250, 258d, and 2
	Central Drainage Zone — CDZ (combined zones 258b, 258c, and 
	Western Drainage Zone — WDZ (combined zones 253, 255, 256, a


	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	TAYLOR~2.PDF
	INTRODUCTION
	BACKGROUND
	Catchment description
	Changes to hydrology
	Impacts of the changes to hydrology
	Existing drainage practices

	MANAGEMENT FRAMEWORK
	ENVIRONMENTAL VALUES OF LAKES
	MANAGEMENT OF IMPACTS
	A SYSTEM FOR ECOLOGICAL ASSESSMENT OF LAKES
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	WATERH~1.PDF
	INTRODUCTION
	BASIC PRINCIPLES
	WATER BALANCES
	SALT BALANCE
	SEEPAGE
	LINER PERMEABILITY
	INTERACTION OF SEEPAGE WITH GROUNDWATER
	Groundwater levels
	Salinity
	Catchment perspectives

	BASIN DESIGN APPROACHES
	Time scales and probability in design
	Depth and area issues
	To line or not to line?
	Liner materials
	Long-term salt disposal

	DESIGN FOR THE WA WHEATBELT
	TAKE AWAY MESSAGES

	CONNOLLY.PDF
	INTRODUCTION
	METHODS
	LAKE MEARS
	History and current condition of the lake and catchment
	Future trends

	CATCHMENT MANAGEMENT SOLUTIONS
	ENGINEERING SOLUTIONS
	Drain option
	Flushing option
	Comparison of the two options

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	NEWSMI~1.PDF
	INTRODUCTION
	Physiography and climate
	Geology
	Stratigraphy
	Stratigraphic Profile
	Weathered bedrock


	Hydrogeology
	Groundwater quality
	Groundwater–lake interactions
	Investigation program

	RESULTS
	Palaeochannel
	Acidic groundwater
	Groundwater–lake interactions

	CONCLUSIONS
	REFERENCES

	HERATH.PDF
	Figure 1. Locality Map

	MCAULE~2.PDF
	INTRODUCTION
	Background to this paper
	Purpose of this paper

	ENGINEERED OPTIONS AND THEIR APPLICATION TO DRYLAND SALINITY
	Evaluation framework
	Groundwater flow systems
	Matching engineering options with flow systems
	Evaluating an engineered approach for a specific site
	Are all options appropriate for a given area?
	Questions to ask about the area for implementation


	CASE STUDY FROM NORTH CENTRAL VICTORIA
	Groundwater flow system
	Description of GFS
	Evaluation of engineered options
	Surface drainage
	Sub-surface drainage
	Groundwater pumping

	Evaluation of complementary management options
	Engineering as part of an integrated management approach

	CONCLUSIONS
	FURTHER INFORMATION SOURCES
	ACKNOWLEDGMENTS
	REFERENCES

	RUTHER~1.PDF
	INTRODUCTION
	Background
	Hydrogeology

	METHODS
	Geology, regolith stratigraphy and aquifer development
	Salt distribution and mobilisation

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	HORWOO~1.PDF
	INTRODUCTION
	MODELLING TOOLS
	MODELLING METHODOLOGY
	TYPICAL MODELLING RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

	PETERS~2.PDF
	INTRODUCTION
	Overview of Kriging with External Drift
	Sequential Gaussian simulation

	STUDY AREA
	METHODOLOGY
	Data collection and preparation
	KED DTWT mapping for the year 2000.
	SGS uncertainty mapping

	RESULTS
	DISCUSSION
	Spatial assessment
	Numerical Assessment

	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	STREET~2.PDF
	INTRODUCTION
	CASE HISTORIES
	Kent Catchment, WA
	Kununoppin, WA
	Toolibin Lake, WA
	Jemalong-Wyldes Plains, NSW
	Serpentine, Victoria

	DISCUSSION
	DRAINS AND SALINITY
	CONCLUSION
	REFERENCES

	ROSIDK~1.PDF
	INTRODUCTION
	SURVEY METHOD
	RESULTS AND DISCUSSION
	The ability to consistently reproduce these signals provides evidence that the signals originate from geological interfaces. Most of the later signals are not reproducible (greater

	CONCLUSIONS AND RECOMMENDATIONS
	REFERENCES

	BENNET~1.PDF
	1. INTRODUCTION
	3. RESULTS AND DISCUSSION
	3.2. Drainage performance
	% SSD of rainfall
	Undrained


	3.4 Amelioration by gypsum application
	6. ACKNOWLEDGEMENTS
	6. REFERENCES

	WILLIS~1.PDF
	D. Willis and A. Johnson
	1. INTRODUCTION
	1.1. Additional funding required to complete the program
	2. PROGRAM COMPONENTS

	Drainage Program
	Designed and implemented to enhance and protect agricultural
	Adaptive Management Program

	Wetland Management Program (including the Coorong)
	Biodiversity Conservation Program
	Salt-land Agronomy Program
	USE Program Support

	Communication and Community Education
	3. THE BIODIVERSITY CONSERVATION SUB-PROGRAM
	4. THE PROJECT LEVY /BIO-DIVERSITY CONSERVATION OFFSET SCHEM
	4.2. Levy/Biodiversity ‘Trading’ Framework
	5. CONCLUSIONS AND RECOMMENDATIONS
	6. ACKNOWLEDGEMENTS
	7. REFERENCES


	ABRAHA~1.PDF
	INTRODUCTION
	METHODOLOGY
	2.1 The model
	2.2 The model farm
	2.3 The analysis
	Assumptions
	2.4.1  Drain assumptions


	3. RESULTS
	4. CONCLUSIONS

	MANNIX~1.PDF
	INTRODUCTION
	IDENTIFIED OPTIONS FOR SALT INTERCEPTION
	OPTION BENEFIT COST ANALYSIS
	Background
	Option benefits
	Option costs
	Preferred option

	SUMMARY OF PROS AND CONS OF GROUNDWATER INTERCEPTION
	CAN THE DESIGN AND SELECTION APPROACH BE REFINED?
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	BERTIB~1.PDF
	INTRODUCTION
	Salinity
	Water Resource Recovery Catchments
	Diversion as a management option

	METHODOLOGY
	Diversion capacity calculations
	Total flow diversion
	Partial flow diversion

	Diversion site characteristics
	Total flow diversion
	Partial flow diversion

	Salinity management implications

	RESULTS
	Total flow diversion
	Partial flow diversion

	DISCUSSION
	Economic
	Social


	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	HUNTER~1.PDF
	INTRODUCTION
	SNMR PHYSICS
	CAPABILITIES
	LIMITATIONS
	POTENTIAL
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	SMITHR~1.PDF
	QUALANDARY CROSSING
	Location and description
	Retaining and releasing water
	Groundwater levels
	Groundwater extent
	Groundwater salinity pattern
	Hydrology

	SALT RIVER LONG SECTION
	CONCLUSIONS
	REFERENCES

	KHAN.PDF
	INTRODUCTION
	BUILDING BLOCKS FOR SUSTAINABLE IRRIGATION AND DRAINAGE MANA
	Benchmark irrigation levels
	Whole farm water balance
	Groundwater management zones
	Tradable Net Recharge Credits
	System salt balance and return flows from irrigation areas
	Management of low-lying depressions in irrigation areas
	Appropriate drainage design

	ENGINEERING SOLUTIONS FOR IRRIGATION DRAINAGE
	CASE STUDIES IN ENGINEERING SOLUTIONS FOR MANAGING IRRIGATIO
	Drainage schemes in Pakistan
	Recent drainage schemes in Pakistan
	Management of irrigation salinity in Australia
	Wakool Tullakool Subsurface Drainage Scheme (WTSSDS) in the 
	Future challenges for WTSSDS

	CONCLUSIONS AND WAY FORWARD
	Acknowledgments
	References


	new comp.pdf
	INTRODUCTION
	2.   MATERIALS AND METHODS
	3.   RESULTS
	4.  CONCLUSION

	5.  REFERENCES
	HORNBU~2.PDF
	INTRODUCTION
	DESIGN IMPACTS ON DRAINAGE WATER SALINITY
	Flow paths
	Soil Salinity
	Finding the balance

	MULTI-LEVEL DRAINAGE SYSTEM
	FIELD TESTING OF A MULTI-LEVEL DRAINAGE SYSTEM
	CONCLUSIONS
	Acknowledgments
	References


	CHRIST~1.PDF
	INTRODUCTION
	SALINITY ASSESSMENT USING ELECTROMAGNETIC SURVEY TECHNIQUE
	Drains 2 and 3
	The soil salinity in the area associated with these drains h

	CONCLUSIONS
	RECOMMENDATIONS
	REFERENCES

	CHRIST~3.PDF
	INTRODUCTION
	BEST MANAGEMENT PRACTICES
	Six guiding principles
	System selection criteria BMPs
	System design BMPs
	Drainage system management BMPs

	EXAMPLE APPLICATION
	CONCLUSIONS
	REFERENCES

	BLACKW~1.PDF
	INTRODUCTION
	ECONOMIC AND ENVIRONMENTALLY SUSTAINABLE CAPTURE OF DRAINAGE
	Description of the FILTER System
	Description of the SBC System

	RESULTS
	Nutrient Removal
	Source/
	Pollutant
	E. coli
	(mg/L)


	Management of salt and reuse of FILTER outflows by SBC

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	ARALBA~1.PDF
	CSIRO Minerals, Bayview Ave., Clayton (Vic.) 3169
	INTRODUCTION
	2. EXTRACTING SALTS FROM SALINE WATERS
	3. THERMODYNAMIC MODELLING  APPROACH
	4.  THERMODYNAMIC MODELLING — A CASE STUDY
	4.1.  Market quality halite production
	4.2.  Bittern production

	5. ECONOMIC POTENTIAL
	6. CONCLUSIONS
	7. REFERENCES

	ARAKEL~1.PDF
	Regulatory limitations and public perceptions
	3. TECHNOLOGY BASED SOLUTIONS
	The cost estimate figures presented above were based on data
	Based on the figures in Table 2, the sale of products from t
	In some cases the application of SAL-PROC and ROSP technolog


	REFERENCES

	HOEYAR~1.PDF
	INTRODUCTION
	BACKGROUND
	THE HUNTER VALLEY PROJECT
	Mine dewatering
	Desalination
	Water trading and sales
	Resource recovery
	Green offsets
	Comment

	CONCLUSION
	REFERENCES

	MCFARL~1.PDF
	INTRODUCTION
	REVIEW OF PREVIOUS METHODS
	2.1 Australian Bureau of Statistics (ABS)
	Mapping of catchments using air photographs and/or geophysic
	NLWRA Method

	THE LAND MONITOR PROJECT
	Methods

	RESULTS AND MAPPING ACCURACIES
	TOTALS

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	MAYERR~1.PDF
	INTRODUCTION
	METHODOLOGY
	RESULTS AND DISCUSSION
	Salinity relationships
	Stream salinity around the south-west
	Changes in salinity over the last 20 years
	Salt balance
	Water Resource Recovery Catchments

	CONCLUDING SUMMARY
	REFERENCES

	KENDAL~1.PDF
	INTRODUCTION
	Basin Salinity Management Strategy
	Salinity Trading Framework
	Salinity Registers

	COSTS OF URBAN AND DRYLAND SALINITY ACROSS THE MURRAY-DARLIN
	SALINITY COSTS TO RIVER MURRAY WATER USERS
	Domestic water users
	Industrial water users
	Agricultural water users

	RIVER MURRAY SALINITY COSTS
	IMPLICATIONS OF REVISED SALINITY COSTS FOR SALINITY MANAGEME
	FUTURE DIRECTIONS
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	COMMAN~1.PDF
	INTRODUCTION
	ENVIRONMENT
	RECENT CLIMATE
	RIVER FLOW
	GROUNDWATER SALINITY MONITORING DATA
	Gascoyne River
	Lyndon River
	Minilya River
	Ashburton River
	Cane River
	Fortescue River
	Coongan River
	Nullagine River

	DISCUSSION
	CONCLUSIONS
	REFERENCES

	COXNIX~1.PDF
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Rainfall
	Soil classifications and properties
	Soil water content
	Drains
	Drain water quality

	DISCUSSION
	CONCLUSIONS
	REFERENCES

	ALIHAT~1.PDF
	INTRODUCTION
	Location and climate
	Geology of study area
	Experimental design

	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

	ALIHAT~2.PDF
	INTRODUCTION
	1.1 Location and description of study area
	1.2 Experimental design
	RESULTS AND DISCUSSION
	2.1 Discharge rate
	2.2 Water salinity
	2.3 Drain water pH
	2.4 Groundwater salinity and pH
	2.5 Heavy metals in the drain water

	4. CONCLUSIONS
	5.   REFERENCES

	ALIHAT~1.PDF
	INTRODUCTION
	Location and climate
	Geology of study area
	Experimental design

	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

	BELLMA~1.PDF
	Natural Resources Chemistry, Chemistry Centre (WA), 125 Hay 
	INTRODUCTION
	PROPERTIES OF SALINISED SOILS
	RESPONSE OF SALINISED SOILS TO DRAINAGE
	AMELIORATION OF DRAINED SOIL
	CONCLUSIONS
	REFERENCES

	KODIKA~2.PDF
	INTRODUCTION
	Pavement materials
	Specimen preparation
	Test method and schedule
	Presentation of results
	Capillary rise
	Salt crystallization and concentrations
	Observations made on the specimens during monitoring period 
	4. REFERENCES


	KODIKA~1.PDF
	INTRODUCTION
	Scale of the problem
	Generic causes of the problem
	3 FACTORS INFLENUCING SALT DAMAGE TO ROADS
	6. REFERENCES


	MCINNIS.PDF
	INTRODUCTION
	WATERLOGGING
	Ground saturation
	Flooding

	EXAMPLES
	Rural roads
	Sub-soil drains
	Corrosivity

	CONCLUDING COMMENTS
	REFERENCES

	STREET~1.PDF
	INTRODUCTION
	PREVIOUS STUDIES ON EFFECTS OF SALT
	PREVIOUS METHODS FOR DETERMINATION OF EXTENT OF IMPACTS OF S
	PRESENT STUDY
	DISCUSSION
	EM V ROAD DATA ANALYSIS
	FURTHER INVESTIGATIONS
	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES

	GEORGE~1.PDF
	INTRODUCTION
	Lake hydrogeology

	METHODS AND SITE DETAILS
	Borefield design and layout
	Surface water management
	Analysis of groundwater

	RESULTS
	Groundwater: eastern bores
	Groundwater: western bores
	Groundwater: control bores
	Surface water

	DISCUSSION
	Groundwater
	Surface water
	Recovery targets

	CONCLUSIONS
	RECOMENDATIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	DOGRAM~1.PDF
	INTRODUCTION
	LOCATION AND PHYSIOGRAPHY
	METHODOLOGY
	HYDROGEOLOGY
	HYDROLOGY
	MODELLING RESULTS
	GROUNDWATER PUMPING
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENT
	REFERENCES

	HARRIS~1.PDF
	INTRODUCTION
	THE SALINITY PROBLEM
	SALINITY MANAGEMENT
	GROUNDWATER PUMPING FOR SALINITY CONTROL
	EFFECT OF PUMPING ON SALINITY
	7.  COST SHARING

	SALAMA~1.PDF
	INTRODUCTION
	The Salt River System

	METHODOLOGY
	2.1  Geophysics and drilling
	2.2 Pumping and observation wells
	2.3  Pumping test
	2.4  Water quality

	RESULTS
	3.1. Water quality
	3.1.1. Groundwater
	3.1.2.  Surface water

	3.1.3 Aquifer parameters
	3.1.4 Water level fluctuations
	3.1.5 Brine and salt storage in the broad valleys

	DISCUSSIONS AND CONCLUSIONS
	4.1 Broad channel geometry
	4.2 Can pumping effectively reduce water levels in palaeocha
	4.3 Can pumping reduce salinity trends in aquifers and surfa


	RUPREC~1.PDF
	INTRODUCTION
	Background

	DRIVERS FOR A NEW APPROACH
	Initial focus on vegetative options
	Increasing farmer interest
	Large drainage schemes proposed

	ENGINEERING EVALUATION INITIATIVE APPROACH
	Principles of approach
	Establishing the Initiative
	Deep drainage
	Surface water management
	Groundwater pumping and siphon and relief bores
	Safe disposal



	ENGINEERING EVALUATION INITIATIVE PROGRAM
	Site evaluation
	Targeted evaluation
	Regional evaluation
	General evaluation

	Communication

	CONCLUDING DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

	COLESW~1.PDF
	INTRODUCTION
	Scale of the problem
	Decision support systems
	Social implications
	Directing the future
	Conclusions
	References


	READ.PDF
	1 INTRODUCTION
	4. TOWARDS A RATIONAL DECISION-MAKING APPROACH

	BRINKL~1.PDF
	A. Brinkley, C. McAuley, G. Lush, S. Parsons, I. Stanley
	Sinclair Knight Merz, PO Box 2500, Malvern, 3144 VIC
	P. Jackson
	Grampians Wimmera Mallee Water, PO Box 19, Horsham 3402 VIC
	Murray Irrigation Limited, PO Box 528, Deniliquin, 2710, NSW
	K. Devlin         J. Mapson
	Sunwater, Giddy Rd, Ayr, 4807, QLD     ANCID, PO Box 165, Ta
	INTRODUCTION
	Recent surveys have indicated that between 1% and 14% of the
	STAGE 1. CHANNEL SEEPAGE MEASUREMENT
	STAGE 2. CHANNEL SEEPAGE REMEDIATION
	STAGE 3. USER SUPPORT SYSTEM
	CONCLUSIONS
	ACKNOWLEDGMENTS


	HORNBU~1.PDF
	INTRODUCTION
	CONTROLLED DRAINAGE
	EXPERIMENTAL METHODS
	RESULTS
	Effects on drainage flows and salt loads
	Effects on the water table
	Contribution of shallow water table to crop evapotranspirati
	Effects on soil salinity

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	ALIHAT~3.PDF
	INTRODUCTION
	Location and climate
	Geology of the study area
	Experimental design

	DRAINAGE GUIDELINES AND DISCUSSION
	Drain design

	CONCLUSIONS
	REFERENCES

	YANDLE.PDF
	INTRODUCTION
	NAREMBEEN CASE STUDY FINDINGS
	DRAINAGE DESIGN GUIDELINES
	Planning
	Problem diagnosis
	Disposal of water
	Design for problem diagnosed
	Accurate construction according to design
	Monitoring and evaluation

	TRIAL APPROACH AND PROTOYPE DESIGN
	Planning
	Problem diagnosis
	Disposal
	Design for problem diagnosed
	Construction, monitoring and evaluation

	CONCLUSION AND RECOMMENDATIONS
	Conclusions
	Recommendations

	ACKNOWLEDGMENTS
	REFERENCES

	MERZ.PDF
	INTRODUCTION
	SALINITY
	OPERATIONAL OBJECTIVES
	DRAINAGE
	Environmental impacts of drainage

	DESIGN OF ARTIFICIAL DRAINAGE
	Practical requirements
	Detailed engineering analysis
	Field-scale simulation model
	Practical Design Considerations

	CONSTRUCTION TECHNIQUES
	Equipment
	Installation Rates
	Construction pitfalls

	CONCLUSIONS
	RECOMMENDATIONS
	REFERENCES

	CHRIST~2.PDF
	INTRODUCTION
	BACKGROUND
	Drainage salinity and disposal constraints
	2.2  Subsurface drainage management

	AIM AND OBJECTIVES
	MANAGEMENT SYSTEM
	Equipment
	System control logic

	RESULTS
	FUTURE DEVELOPMENT
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	TELFER~1.PDF
	INTRODUCTION
	Background
	Survey aims and proposed outcomes

	DATA COLLECTION & PROCESSING
	THEORETICAL CONSIDERATIONS
	ANALYSIS & INTERPRETATION
	Influence of regional factors
	Regional groundwater flux
	Regional geology
	Floodplain processes

	Discussion of NanoTEM response
	Strongly gaining floodplains
	Weakly gaining floodplains over aquitards
	Weakly gaining floodplains over aquifers
	Losing floodplains

	Influence of locks
	Responses upstream of locks
	Downstream of locks


	CONCLUSIONS
	REFERENCES

	BUSSDA~1.PDF
	INTRODUCTION
	SENSOR DEVELOPMENT – THEORETICAL BACKGROUND
	MATERIALS & METHODS
	Laboratory
	Field

	RESULTS AND DISCUSSION
	Laboratory
	Fieldwork

	CONCLUSIONS

	MEYERS~1.PDF
	INTRODUCTION
	AIRBORNE EM SURVEYING
	HOISTEM SURVEYING AND DATA PROCESSING
	3.1 Acquisition system
	3.2 Survey design and implementation
	3.3 Data processing and depth sections

	HOISTEM EXAMPLES
	AEM PROCESSING RESEARCH
	ACKNOWLEDGEMENTS
	REFERENCES

	HOWARD~1.PDF
	INTRODUCTION
	OPTIONS
	Summary of activities for Options A to G

	ELEMENTS OF THE BENEFIT-COST ANALYSIS
	Water supply values
	Irrigation and dryland farming values
	Marginal damage cost
	Greenhouse implications
	Option costing
	Water quality improvement rates

	RESULTS
	Overview
	Effect of Discount Rate (NPV $m)
	Pipeline to the Sea
	Effect of Clean Wool Price
	Sensitivity to Marginal Damage Cost
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES


	TAYLOR~1.PDF
	INTRODUCTION
	Scope
	Overview of engineering approach

	WATER BALANCE AND WATER RESOURCES
	Catchment
	Potential water resource
	Surface runoff from upper slopes
	Superficial aquifers
	Assumed yield and water quality

	ENGINEERING APPROACH
	COST ESTIMATE AND PRICE OF WATER
	Price of treatment
	Price of collection and transfer
	Overall price
	Price variables and sensitivity

	OTHER ISSUES
	Environmental
	Social
	Economic

	CONCLUSION
	REFERENCES

	KENDAL~2.PDF
	INTRODUCTION
	Basin Salinity Management Strategy
	Salinity targets, credits and debits
	Murray-Darling Basin Cap on diversions
	Water trading

	SALINITY IN THE BASIN
	Salinity in the Mallee Zone
	Irrigation development in the Mallee

	DEVELOPMENT OF SIMRAT
	SIMRAT functionality

	POLICY TO MANAGE SALINITY
	FUTURE DIRECTIONS
	CONCLUSIONS
	Acknowledgments
	References


	HAMILT~1.PDF
	Department of Agriculture, 3 Baron-Hay Court, South Perth
	ghamilton@agric.wa.gov.au
	D. Bakker
	444 Albany Highway, Albany, Western Australia
	Table 1.  2003 mean crop yields (t/ha) and 2002


	SALAMA~1.PDF
	INTRODUCTION
	The Salt River System

	METHODOLOGY
	2.1  Geophysics and drilling
	2.2 Pumping and observation wells
	2.3  Pumping test
	2.4  Water quality

	RESULTS
	3.1. Water quality
	3.1.1. Groundwater
	3.1.2.  Surface water

	3.1.3 Aquifer parameters
	3.1.4 Water level fluctuations
	3.1.5 Brine and salt storage in the broad valleys

	DISCUSSIONS AND CONCLUSIONS
	4.1 Broad channel geometry
	4.2 Can pumping effectively reduce water levels in palaeocha
	4.3 Can pumping reduce salinity trends in aquifers and surfa


	SALAMA~2.PDF
	INTRODUCTION
	1.1 Location and landuse
	1.2 Hydrogeology

	METHODS
	RESULTS
	3.1 Base case scenario
	3.2 Biological solutions: recharge management scenarios
	3.3 Engineering solutions
	3.3.1  Drains
	3.3.2 Localised management


	SUMMARY AND CONCLUSIONS
	REFERENCES

	SAEEDM~1.PDF
	INTRODUCTION
	MATERIAL AND METHODS
	Participatory Rural Appraisal
	Monitoring farmer’s skimming well
	Experiments with skimming wells
	Numerical simulation of hydrosalinity

	RESULTS AND DISCUSSION
	Farmers’ skimming well practices
	Monitoring of farmer’s skimming well

	REFERENCES

	SEYMOU~1.PDF
	R. J. George
	1.  INTRODUCTION
	2.  BACKGROUND
	Siphon mechanics
	Dynamics of bore siphons
	Hillside seepage
	Arnold
	4. RESULTS: SIPHON FLOW
	Arnold




	5.  RESULTS: ENVIRONMENTAL IMPACT
	5.1 Natural streamflow salinity
	5.2 Disposal salinity less than streamflow salinity
	5.3  Disposal water does not recharge
	5.3 Disposal pH Equivalent to Streamflow
	5.4 Volume contribution less than 10% of streamflow
	5.5 Health of riparian system improves

	6. DISCUSSION
	Long-term (maintained) siphon flow
	Suitable areas to install bore siphons
	Costs
	Benefits

	7. CONCLUSIONS
	8. ACKNOWLEDGMENTS
	9. REFERENCES

	FORWAR~2.PDF
	INTRODUCTION
	OVERVIEW OF IRON BIOFOULING — CAUSES AND EFFECTS
	Deterioration of bores
	What are ‘iron bacteria’?
	Factors influencing iron bacteria growth
	Chemical factors
	Physical factors

	Effects of iron bacteria on pumping systems
	Rehabilitation of bores

	IRON BACTERIA OCCURRENCE IN SALT INTERCEPTION SCHEMES
	The first schemes
	Second generation salt interception schemes
	Woolpunda
	Waikerie
	Mallee Cliffs


	CONTROL OF IRON BACTERIA DEPOSITION
	The SA Water Iron Bacteria Control System
	Rehabilitation of the first salt interception schemes
	Mildura-Merbein
	Rufus River
	Wakool


	NEW AND PROPOSED SALT INTERCEPTION SCHEMES
	CONCLUSIONS
	REFERENCES

	HASSON~1.PDF
	A.J. Peck and Associates Pty Ltd, PO Box 1213, Subiaco WA 69

	TELFER~2.PDF
	INTRODUCTION
	BOREFIELD DESIGN PRINCIPLES
	Understand the hydrogeology and groundwater discharge proces
	Identify primary and secondary design objectives
	Develop robust conceptual models
	Constrain the borefield design
	Investigate and design incrementally
	Use empirical data in borefield design

	Avoid under-designing infrastructure
	Monitor and review to optimise performance

	DESIGN AND CONSTRUCTION COST AND TIMELINES
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES


	PLUSKE~1.PDF
	INTRODUCTION
	Over 200 Australian towns are expected to be affected by sal
	Salinity causes degradation of footpaths, roads, bridges, pi
	For example, RTMC [2001] state that Katanning, a south-weste
	Furthermore, Sexton [2003] reports that many rural Australia

	A SYSTEMS MODELLING APPROACH TO WATER MANAGEMENT
	System description
	Abstracted water treatment
	Abstracted water reuse
	The bottled water industry
	Intensive animal feedlots


	CONCLUSIONS AND RECOMMENDATIONS
	REFERENCES

	PRIDHA~1.PDF
	INTRODUCTION
	The problem
	History
	Irrigated townsites

	RURAL TOWNS PROGRAM
	Initial salinity risk assessment and entry to the Program, u
	Detailed research and investigation. Drilling, monitoring, m
	Preparation of a comprehensive Salinity Management Strategy,
	On-ground works prioritisation. Dependent upon the severity 
	Works implementation.  The RTP funded up to 50% of on-ground
	On-going assistance.  Financial assistance and technical sup

	KEY PROGRAM ACTIVITIES
	Economic impact study
	Community Boreholes Project
	Communications strategy

	SUMMARY OF PROGRESS TO DATE
	THE LOGICAL NEXT STEP
	‘Rural Towns – Liquid Assets’ Project
	Project objectives
	Project deliverables
	Project outcomes
	Salinity control.  The main outcome of the Project will be c
	Resource base improvement.  Improvements to the status of th
	Relieving pressure on coastal water resources. Improved wate

	Project costs

	CONCLUSION
	REFERENCES

	BARRON~1.PDF
	SALINITY ISSUES IN WA RURAL COMMUNITIES
	Saline water desalination

	KATANNING CASE-STUDY
	Climate and surface water
	Urban water
	Groundwater
	Groundwater response to the long-term pumping test
	Factors controlling waterlogging
	Water losses from the shallow groundwater table
	Groundwater quality

	Water resources in Katanning
	Preliminary assessment of the Integrated Water Management Pl

	CONCLUSIONS
	4. REFERENCES

	SIRIVI~1.PDF
	INTRODUCTION
	EFFECT ON BUILDINGS
	Soil and groundwater conditions
	Deterioration mechanisms

	GOOD BUILDING PRACTICES
	ENGINEERED STRUCTURES
	CONCLUSIONS
	ACKNOWLEDGEMENT
	REFERENCES

	LEAKJO~1.PDF
	INTRODUCTION
	Brief history of project implementation
	1995–2002
	Post-2003 — ‘USE Program’


	DRAIN DESIGN PROCESSES
	Problem definition
	Knowledge generation
	Policy formulation
	Implementation (design & construction)
	Evaluation

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	FORWAR~3.PDF
	INTRODUCTION
	PROJECT HISTORY
	Salinity predictions at Morgan
	Causes of river salinity
	Options for salinity control
	Why salt interception?
	The challenges for interception schemes

	SCHEMES DEVELOPMENT AND IMPLEMENTATION
	Woolpunda Salt Interception Scheme
	Waikerie Salt Interception Scheme
	Project outcomes

	FUTURE SALT INTERCEPTION SCHEMES
	REGIONAL DISPOSAL STRATEGY
	CONCLUSIONS
	REFERENCES

	RUPREC~1.PDF
	INTRODUCTION
	Background

	DRIVERS FOR A NEW APPROACH
	Initial focus on vegetative options
	Increasing farmer interest
	Large drainage schemes proposed

	ENGINEERING EVALUATION INITIATIVE APPROACH
	Principles of approach
	Establishing the Initiative
	Deep drainage
	Surface water management
	Groundwater pumping and siphon and relief bores
	Safe disposal



	ENGINEERING EVALUATION INITIATIVE PROGRAM
	Site evaluation
	Targeted evaluation
	Regional evaluation
	General evaluation

	Communication

	CONCLUDING DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

	RUPREC~2.PDF
	INTRODUCTION
	REGIONAL PLANNING PRINCIPLES
	REGIONAL DRAINAGE EVALUATION
	Community involvement
	Evaluation program
	Evaluation stages
	Develop analytical tools to assess change
	Establish catchment inventory
	Assess impacts of current land use
	Assessment of options
	Develop regional drainage framework


	AVON RIVER BASIN — CASE STUDY
	Avon River system
	Hydrology of the pre-clearing condition compared with the pr
	Recognising landscape change
	Progress to date

	CONCLUDING DISCUSSION
	REFERENCES

	SHEEDY~1.PDF
	INTRODUCTION
	BACKGROUND
	METHODOLOGY
	Model integration
	Model structure
	Restriction policies
	Reservoir target calculations

	OUTCOMES
	FUTURE APPLICATIONS
	REFERENCES

	CROTON.PDF
	INTRODUCTION
	THE LEMON CATCHMENT AND ITS MODELLING
	SCENARIO MODELLING
	Pasture continued, deep pumping and full reforestation plus 
	Partial reforestation, shallow pumping and these combined
	Surface drainage and drainage with partial reforestation

	SUMMARY OF OUTFLOWS
	DISCUSSION AND CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	BONIECKA.PDF
	INTRODUCTION
	LEAF AREA INDEX AND SPECTRAL VEGETATION INDICES
	Greenness Index (GI)
	Normalised Difference Vegetation Index (NDVI)
	Adjusted Normalised Difference Vegetation Index (NDVIadjuste
	VI3
	Density Index DI


	MATERIALS AND METHODS
	Study area
	Landsat TM data
	Vegetation data
	Data processing and methods


	RESULTS AND DISCUSSION
	Rehabilitation growth pattern
	Vegetation index

	GI
	NDVI
	NDVIadjusted
	DI
	Ground LAI and spectral indices


	CONCLUSIONS
	REFERENCES

	MIDDLE~1.PDF
	G. Walker        I. Jolly
	K. Mathers
	1. INTRODUCTION
	3. HYDROGEOLOGICAL SETTING
	Figure 3.  Summary of recharge model data
	Figure 4.  Example model calibration plot


	DISCUSSION AND CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	DAVIS.PDF
	INTRODUCTION
	2.1 Hydrology
	2.3 Ecological changes

	A CONCEPTUAL MODEL OF SALINISED AQUATIC ECOSYSTEMS
	IMPLICATIONS FOR SALINITY ENGINEERING
	5. CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	HALSE.PDF
	INTRODUCTION

	COLEMA~1.PDF
	INTRODUCTION
	DECISION TOOL SYNOPSIS
	WETLAND PROTOCOL: REGIONAL
	CONCLUSION
	REFERENCES

	SMITHH~1.PDF
	INTRODUCTION
	Background
	Problem
	Objective
	Geology and hydrogeology

	GEOCHEMICAL RESULTS
	Groundwater— major ions, pH and Eh
	Groundwater — metals
	Lithology — minerals

	DISCUSSION
	Groundwater acidity
	Major ion evolution
	Oxidation–reduction processes
	Redox processes within the saturated regolith
	Redox processes at the watertable

	Implications for drainage

	CONCLUSIONS
	REFERENCES

	BARI.PDF
	INTRODUCTION
	CATCHMENT DESCRIPTION
	THE LAKE MODEL
	THE LUCICAT MODEL
	DATA SOURCES
	Inflow and outflow
	Rainfall and evaporation

	RESULTS AND DISCUSSION
	Lake model
	Catchment model
	Scenarios

	CONCLUSIONS
	REFERENCES

	LAWSON~1.PDF
	Posthoornseweg 7 5062 SZ Oisterwjk, The Netherlands
	3. RESULTS
	Value
	P-value


	WILKES~1.PDF
	INTRODUCTION
	STUDY AREA
	BACKGROUND
	METHODS
	RESULTS
	CONCLUSIONS AND RECOMMENDATIONS
	ACKNOWLEDGMENTS
	REFERENCES

	PETERS~1.PDF
	INTRODUCTION
	Overview of Kriging with External Drift

	STUDY AREA
	METHODOLOGY
	Data collection and preparation
	DTWT mapping
	Predicted and observed water level 2000 DTWT map

	RESULTS
	DISCUSSION
	Spatial assessment
	Numerical assessment

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	MUNDAY~1.PDF
	INTRODUCTION
	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS

	FORWAR~1.PDF
	INTRODUCTION
	DESIGN AND CONSTRUCTION
	Corrosion
	Pipelines
	Air entrainment in pipelines
	Mechanical pipeline pigging
	Pumps
	Pump discharge columns
	Bore hole water level monitoring
	Spear or well point systems
	Flowmeters

	OPERATIONS, MAINTENANCE AND PERFORMANCE MONITORING
	Pumps
	Bores
	Pipelines

	CONCLUSIONS
	REFERENCES

	DESILV~1.PDF
	INTRODUCTION
	METHODS
	HYDROGEOLOGICAL SETTING
	GROUNDWATER FLOW AND DISCHARGE
	WATER AND SALT BALANCE
	GROUNDWATER BUDGET
	STREAMFLOW MODELLING
	EFFECT OF GROUNDWATER PUMPING ON SALINITY
	CASE STUDY — GROUNDWATER SIPHONS AND RELIEF BORES
	CONCLUSIONS
	REFERENCES

	MCAULE~1.PDF
	THE USE OF WIND PUMPS IN SALINITY MANAGEMENT
	Background to this paper
	Purpose of this paper

	CONVERTING WIND SPEED TO AQUIFER DRAWDOWN
	Calculation of available wind power
	Conversion of wind power to pumping rate
	Lifting head
	Calculation of drawdown
	Iterative approach


	APPROPRIATE WIND SPEED DATA FREQUENCY
	Selection of a wind dataset
	Appropriate wind speed frequency for analysis

	EFFECTIVE DRAWDOWN FOR SELECT TRANSMISSIVITIES
	CONCLUSIONS AND RECOMMENDATIONS
	ACKNOWLEDGMENTS
	REFERENCES

	GHAURI.PDF
	INTRODUCTION
	BORE SELECTION & ANALYSIS
	RESULTS & DISCUSSION
	Groundwater rise processes
	Revised hydrozones
	Eastern Drainage Zone — EDZ (combined zones 250, 258d, and 2
	Central Drainage Zone — CDZ (combined zones 258b, 258c, and 
	Western Drainage Zone — WDZ (combined zones 253, 255, 256, a


	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	TAYLOR~2.PDF
	INTRODUCTION
	BACKGROUND
	Catchment description
	Changes to hydrology
	Impacts of the changes to hydrology
	Existing drainage practices

	MANAGEMENT FRAMEWORK
	ENVIRONMENTAL VALUES OF LAKES
	MANAGEMENT OF IMPACTS
	A SYSTEM FOR ECOLOGICAL ASSESSMENT OF LAKES
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	WATERH~1.PDF
	INTRODUCTION
	BASIC PRINCIPLES
	WATER BALANCES
	SALT BALANCE
	SEEPAGE
	LINER PERMEABILITY
	INTERACTION OF SEEPAGE WITH GROUNDWATER
	Groundwater levels
	Salinity
	Catchment perspectives

	BASIN DESIGN APPROACHES
	Time scales and probability in design
	Depth and area issues
	To line or not to line?
	Liner materials
	Long-term salt disposal

	DESIGN FOR THE WA WHEATBELT
	TAKE AWAY MESSAGES

	CONNOLLY.PDF
	INTRODUCTION
	METHODS
	LAKE MEARS
	History and current condition of the lake and catchment
	Future trends

	CATCHMENT MANAGEMENT SOLUTIONS
	ENGINEERING SOLUTIONS
	Drain option
	Flushing option
	Comparison of the two options

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	NEWSMI~1.PDF
	INTRODUCTION
	Physiography and climate
	Geology
	Stratigraphy
	Stratigraphic Profile
	Weathered bedrock


	Hydrogeology
	Groundwater quality
	Groundwater–lake interactions
	Investigation program

	RESULTS
	Palaeochannel
	Acidic groundwater
	Groundwater–lake interactions

	CONCLUSIONS
	REFERENCES

	HERATH.PDF
	Figure 1. Locality Map

	MCAULE~2.PDF
	INTRODUCTION
	Background to this paper
	Purpose of this paper

	ENGINEERED OPTIONS AND THEIR APPLICATION TO DRYLAND SALINITY
	Evaluation framework
	Groundwater flow systems
	Matching engineering options with flow systems
	Evaluating an engineered approach for a specific site
	Are all options appropriate for a given area?
	Questions to ask about the area for implementation


	CASE STUDY FROM NORTH CENTRAL VICTORIA
	Groundwater flow system
	Description of GFS
	Evaluation of engineered options
	Surface drainage
	Sub-surface drainage
	Groundwater pumping

	Evaluation of complementary management options
	Engineering as part of an integrated management approach

	CONCLUSIONS
	FURTHER INFORMATION SOURCES
	ACKNOWLEDGMENTS
	REFERENCES

	RUTHER~1.PDF
	INTRODUCTION
	Background
	Hydrogeology

	METHODS
	Geology, regolith stratigraphy and aquifer development
	Salt distribution and mobilisation

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	HORWOO~1.PDF
	INTRODUCTION
	MODELLING TOOLS
	MODELLING METHODOLOGY
	TYPICAL MODELLING RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

	PETERS~2.PDF
	INTRODUCTION
	Overview of Kriging with External Drift
	Sequential Gaussian simulation

	STUDY AREA
	METHODOLOGY
	Data collection and preparation
	KED DTWT mapping for the year 2000.
	SGS uncertainty mapping

	RESULTS
	DISCUSSION
	Spatial assessment
	Numerical Assessment

	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	STREET~2.PDF
	INTRODUCTION
	CASE HISTORIES
	Kent Catchment, WA
	Kununoppin, WA
	Toolibin Lake, WA
	Jemalong-Wyldes Plains, NSW
	Serpentine, Victoria

	DISCUSSION
	DRAINS AND SALINITY
	CONCLUSION
	REFERENCES

	ROSIDK~1.PDF
	INTRODUCTION
	SURVEY METHOD
	RESULTS AND DISCUSSION
	The ability to consistently reproduce these signals provides evidence that the signals originate from geological interfaces. Most of the later signals are not reproducible (greater

	CONCLUSIONS AND RECOMMENDATIONS
	REFERENCES

	BENNET~1.PDF
	1. INTRODUCTION
	3. RESULTS AND DISCUSSION
	3.2. Drainage performance
	% SSD of rainfall
	Undrained


	3.4 Amelioration by gypsum application
	6. ACKNOWLEDGEMENTS
	6. REFERENCES

	WILLIS~1.PDF
	D. Willis and A. Johnson
	1. INTRODUCTION
	1.1. Additional funding required to complete the program
	2. PROGRAM COMPONENTS

	Drainage Program
	Designed and implemented to enhance and protect agricultural
	Adaptive Management Program

	Wetland Management Program (including the Coorong)
	Biodiversity Conservation Program
	Salt-land Agronomy Program
	USE Program Support

	Communication and Community Education
	3. THE BIODIVERSITY CONSERVATION SUB-PROGRAM
	4. THE PROJECT LEVY /BIO-DIVERSITY CONSERVATION OFFSET SCHEM
	4.2. Levy/Biodiversity ‘Trading’ Framework
	5. CONCLUSIONS AND RECOMMENDATIONS
	6. ACKNOWLEDGEMENTS
	7. REFERENCES


	ABRAHA~1.PDF
	INTRODUCTION
	METHODOLOGY
	2.1 The model
	2.2 The model farm
	2.3 The analysis
	Assumptions
	2.4.1  Drain assumptions


	3. RESULTS
	4. CONCLUSIONS

	MANNIX~1.PDF
	INTRODUCTION
	IDENTIFIED OPTIONS FOR SALT INTERCEPTION
	OPTION BENEFIT COST ANALYSIS
	Background
	Option benefits
	Option costs
	Preferred option

	SUMMARY OF PROS AND CONS OF GROUNDWATER INTERCEPTION
	CAN THE DESIGN AND SELECTION APPROACH BE REFINED?
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	BERTIB~1.PDF
	INTRODUCTION
	Salinity
	Water Resource Recovery Catchments
	Diversion as a management option

	METHODOLOGY
	Diversion capacity calculations
	Total flow diversion
	Partial flow diversion

	Diversion site characteristics
	Total flow diversion
	Partial flow diversion

	Salinity management implications

	RESULTS
	Total flow diversion
	Partial flow diversion

	DISCUSSION
	Economic
	Social


	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

	HUNTER~1.PDF
	INTRODUCTION
	SNMR PHYSICS
	CAPABILITIES
	LIMITATIONS
	POTENTIAL
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

	SMITHR~1.PDF
	QUALANDARY CROSSING
	Location and description
	Retaining and releasing water
	Groundwater levels
	Groundwater extent
	Groundwater salinity pattern
	Hydrology

	SALT RIVER LONG SECTION
	CONCLUSIONS
	REFERENCES

	KHAN.PDF
	INTRODUCTION
	BUILDING BLOCKS FOR SUSTAINABLE IRRIGATION AND DRAINAGE MANA
	Benchmark irrigation levels
	Whole farm water balance
	Groundwater management zones
	Tradable Net Recharge Credits
	System salt balance and return flows from irrigation areas
	Management of low-lying depressions in irrigation areas
	Appropriate drainage design

	ENGINEERING SOLUTIONS FOR IRRIGATION DRAINAGE
	CASE STUDIES IN ENGINEERING SOLUTIONS FOR MANAGING IRRIGATIO
	Drainage schemes in Pakistan
	Recent drainage schemes in Pakistan
	Management of irrigation salinity in Australia
	Wakool Tullakool Subsurface Drainage Scheme (WTSSDS) in the 
	Future challenges for WTSSDS

	CONCLUSIONS AND WAY FORWARD
	Acknowledgments
	References





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




