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There is nothing new abo ut salt in the Australian 
landscape - it has been accumulating there for 

mill ions o f years. Relatively recent is its mo bility, 
propelled by clearing, land use and land management 
practices that collectively have increased gro undwater 

recharge, leading to increasing g roundwater Aows. 

Dryland salinity and its impact on water quality is 

now a national problem , occurring in all states and 
territories and impacting directly o r indirectly o n au 
Australians. 

Commo nwealth and state governments are leading 
a strategic response to this and o ther enviro nmental 
threats thro ugh the National Action Plan for 
Salini ty and \'V'ater Quality and the Natu ral Heritage 

Trust. In the first instance this respo nse calls fo r a 
consistent national appreciatio n o f the issue: 

• how big is the problem? 

• where are the most urgent or most sign ificant 
threats? 

• what time frames characterise the problem and 
its resolutio n? 

Regional natural resource management groups are 

now charged with developing and implem enting their 
own land and water management plans. To d o this, 

they need to answer similar questions at the regional 

scale, set achievable targets, identify appropriate 
m anagement options and the likely costs, and 

m onitor their progress. 

1\ Groundwater Flow System (G FS) is a 

model developed by hydrogcologists to describe 

and explain the bcha\'iour of groundwater 

in response to recharge. This is a ro11((p!ur1/ 

model , similar to an architect's model of a 

building. 1t takes into account the geology 

and geomorphology of the catchment, and the 

hydraulic properties of the landscape and the 

a(JUi fcr. 

That part of the landscape in which a particular 

G FS (or se,·ernl G FSs o f the same type) operates 

is referred to as a salinity province. Whils1 

the GFS is clearly influenced by caichmcnt 

characteristics, the salinity prc>\'i nce docs not 

necessarily share a common boundary wi th 

the catchment. Surface flow systems do not 

necessarily match underground fl ow pathways. 

This booklet describes a new and innovative tool 
- the Groundwater Flow Systems framework - that 
makes a significant cont ributio n to this task. 

Making sense of a vast, complex 
landscape 
The basic process of salt mobilisation and resultant 
salinisatio n o f the landscape and rivers is relative!)' 

simple and consistent across Australia. However, 
there are impo rtant differences in the deta iled 
processes fro m o ne catchment to ano ther, making it 

difficult to accurately predict the rate of spread of 
salinity and the impacts o f remedial m easures. 

There is such a vast array o f catchmen ts throughout 
Australia, that it is quite impractical to inves tigate 
each in detail and accurately define the salinity 
risk and prescribe specific managem ent options. 
H owever, there is some confidence that similar 

groundwater flow systems in similar landscapes 
should present similar sa lini ty issues and therefore 
respond to similar management. 

The Groundwater Flow System s Framework allows 
the knowledge and experience from o ne catchment 
to be t ransferred to other similar catchments. 

Finding some order 
The 'National Classificatio n o f Catchments' has 
defined three majo r g ro undwater Aow S)'Stem 

types - local, intermediate and regio nal. While 
examples of each o f the m ajo r system s have certain 
similarities, there arc sig nificant eno ugh differences 
to warrant the classification into the fifteen sub­
system s - eigh t local, four intermediate and three 

regio nal. Conceptual m odels have been developed 
to describe each of these fi fteen GPSs and their 
distinc t!)' different characteristics that in Auence 
the processes o f recharge and discharge leading to 

salinity. 

A concept 111odel forgro1111d1valerf101v 
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The Groundwate r Flow Systems F ramework uses 

these conceptual models to assess the risk of salinity 

and identify the potential management responses. 

Next we need to identify where these GFSs exist in 

the landscape. 

Putting GFSs on the map 
Drawing on a lo ng history of data and professional 

exp erience, hydrogeologists have identified 

where these GFSs might be found in A ustralia's 

diverse landscape. Based on measurable features 

such as landscape slo pe, elevation, geology and 

geomorphology they have established principles fo r 

mapping these groundwater Aow sys tems. 

In this way we can now map salini(y p rovinces at any 

scale - regions in the landscape where the physical 

processes contributing to dryland salinity are 

characterised by a particular GFS. Those salinity 

provinces with similar GFSs are likely to respond to 

similar salinity m anagement optio n s. 

The features of each salinity province allow us to 
address important planning question s for that area: 

• \'\'hat are the current impacts? 

• \'\'hat are the risks of doing noth ing? 

• How much recharge reduc tion is needed to 
achieve an acceptable reduction in discharge? 

• Where might recharge reduction be best 

targeted? 

• \'\'hat are the impacts on water quality? 

• What extent of land use change is required and 

ho·w many landholders will be affected? 

• \X!bat is the feasib ility of removing groundwater 

by engineering means? 

• W hat is the likely time interval between 

intervention in th e GFS and a satisfacto ry salinity 
ben efit? 

\'V'e have now considered the m ajor compo nent 

parts of the Groundwater F low Systems Framework 

- the 'National Classification of Catchmen ts', its 

associated conceptual models and the maps of the 

GFSs and their categorisation into salinity provinces. 

N ext we need to test the conceptual models. 

Case studies 
\Xie predict sali nity trends using computer models 

tha t simulate groundwater behaviour using exi sting 

landscape conditio ns. T o have confidence in these 

predictions, we use case-study catchmen ts to test our 

understanding o f groundwater p rocesses using real 

data and measured outcomes. 

Researchers have selected nine case study catchments 

to test the Groundwater F low Systems Framework. 

T hese case-study catchm ents represent some o f 

the fifteen conceptual m odels of groundwater flow 

systems discussed earlier. They were also selected on 

the basis of the abundance of existing data. 

These are catchments with relatively well 

documen ted information on many of the factors that 

affect recharge, salt mobilisation and d ischarge: 

• land clearing (when and where) 

• farming practices (what has been grown where) 

• deep drainage (leakage under various land uses) 

• seasonal rain fa ll, run-off and evaporation 

• piezomete r and borehole data 

• landscape elevation 

• soil prop erties, and 

• regional geo logy. 

The results demonstrated that the nine case study 

catchments supported the 'National classification 
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of g ro undwate r system s' llt the majo r system level 

- local, intermediate and regio nal. 

\Y/e now have a consistent and validated m ethod 

for mapping groundwa ter Aow systems and di stinct 

saUnity provinces, suppo rted by conceptual models. 

\Y/e can describe in broad ter ms how groundwater 

behaves in each part of the landscape. From this we 

can identify the typical processes leading to dryland 

salinity, prioritise catchments, propose o ptions 

for m anaging them, and predict the most likely 
o utcomes. 

A matter of scale 
At national and state scales the Groundwate r F lows 

S)'Stem s Framework is beginning to g uide policy 

decisio ns. The identificatio n of local, intermediate 

and regio nal GFSs is helping to determine broadly 
where saUnity risk is greatest and where managemen t 

activities are m os t Ukely to be successful. 

In the Murray-D arUng Basin , mo re d etailed regio nal 

m apping has enabled more accurate predictions o f 

salinity risk. This is being used to inform policy 

d ecisio ns and to identify broad management options. 

Knowledge of GFS supports 
risk assessment and 
priority setting 

Catchment data enables 
general assessment of 
management options 

Sub·catchment data 
enables selection of 
specific management 
tools 

Groundwater Aow systems are compUcated and it 

is inc reasingly difficult to descdbe them accurately 

down to the catchment, s ub-catchment o r paddock 

scale. There are real limits to how reUably we can 

expect to transfer m anagement principles fro m one 

well studied catchment to another that is not well 

described. 

This approach recognises that there is no o ne­

siie-fi ts-all solution to dryland saUnity, and that 

m anagement responses must be tailored to local 
conditions. 

The real power o f the GFS Framework is revealed 

when catchment scale data is avai lable, giving 

local communities m ore specific informatio n for 

salini ty management. The MDilC Tools pro ject 

has provided thi s advice for twelve catch ments 

(presented in ten Regional Informatio n Packages 

available at www.ndsp.gov.au) and the same principles 

have now been applied in several catchments 

thro ughout South Aus tralia and Victoria. 

A framework for tough decisions 
The Groundwate r F low System s Framework links 

land use and management strategies to catchment­

groundwater behavio ur. The framework brings 

together all the key ele ments of a valuable and 

credible tool fo r salinity m anagers: 

• an understanding o f the causes of salini ty -

how groundwater recharges, mobiUsing salt, in 

response to changes in land use and m anagement 

• conceptual models that d escribe g ro undwater 

processes leading to discharge 

• sound methodo logy for mapping the different 

groundwater Ao w systems 

• case studies where g ro undwater processes have 

been closely studied and m odel predictions tested 

and validated , and 

• g roundwater and surface water data a lo ng with 

quantitative descriptions of hydrogeological 

features. 

Understanding Australia's groundwater Aow system s 

o pens o ur eyes to the real m agnitude of the pro blem. 

I t is clear that a consistent framework to support 

regional planning is needed. Catchment communities 

and individual land managers then have an essential 

role to play, but as part of regional ini tiatives. T hese 

will be strengthened by sharing informatio n between 

well-studied catchments, supported by the skills and 

experience o f a handful of technical experts. 

Working with the GFS Framework 
The Groundwater F low Systems Framework 

contributes in several ways to the task o f salinity 

managemen t. 

Partitioning - the GFS Framework partitio ns the 

landscape into discrete a reas, saUni ty provinces. Each 

area is characterised by a particular groundwater 

fl ow system . Planners (regional, state, national) 
can prioritise catchments in terms o f saUnity risk 

and likely respo nsiveness to saUnity management. 
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This will help establish reasonable expectations for 

progress. The GFS approach also assists in designing 

more detailed data gathering and investigative 

programs. 

adaptive 
management 

~- Components of GFS framework 

Q Outcomes of the GFS rramework 
~ 
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Extrapolating - the GFS Framework can be used 

to extrapolate our understanding of well studied 

catchments to other catchments of the same type. 

Aggregating - the GFS Framework enables the 

aggregation o f information across the landscape. 

\V/e can plan to meet targets for salinity, salt loads 

and base flow at down stream points of a river by 

aggregating the anticipated impacts o f land use and 

management changes within particular GFSs. 

Setting regional priorities 
The GFS Framework ranks catchments on the basis 

o f groundwater fac tors - the key driver o f salinity. It 

brings together the NLWRA's 'National Classifica tion 

of Catchments', its associated conceptual models, 

the GFS and salinity province maps, supported 

by the understanding of groundwater and salinity 

management options from the nine detailed case 

studies. 

I t provides a tool for an initial approach to 

prio ri tisation at the regio nal scale, allowing us to 

divide options into those that have a low, medium or 

high likelihood of success. With further field work 

and modelling we can determine the actualfeasibilit;1 

of particular management options be fore the design 

stage. 

Choosing management options 
Ten regional groups in the Murray-D arling Basin 

developed salinity province maps and ranked the 

appropriaten ess o f management options for each 

GFS (low, medium, high). T he results of these 

workshops are incorporated in Regional Information 

Packages for improved salinity planning and 

management (available at www.ndsp.gov.au). 

- High 

C=:l Medium 

C=:J Low 

P1i01itisalio11 ef 111a11ageme11t optio11s for a sali11i!J1 province 

A decision support tool for engineering options 

(available at www.ndsp.gov.au) also fits the GFS 

framework. T his provides salinit)' province 

guidelines for choosing and designing drainage and 

pumping approaches to salinity management. 

Whilst groundwater might drive salinity, it is no t the 

only consideration. Management plans must also 

take account of o ther biophysical factors, together 

with environmental, economic, and social aspects. 

Any ranking process should therefore combine 

salinity province maps with spatial information on 

these various factors. Inevitably, natural resource 

management decisions will result in trade-offs and 

synergies between catchment objectives and the 

feasibility of the various management options. 

Adapting to change 
O ur understanding of salinity processes continues 

to advance as data is collected and processed and as 

experiences are shared. Management strategies need 

to adapt to this new knowledge. 

T he GFS Framework does no t overcome the need 

fo r locally relevant data and investigations. It 

provides a platform to info rm monitoring and data 

collection at this scale. Because current groundwater 

data is so sparse, it makes sense to focus monitoring 

activities (based on bores and piezometers) in key 

catchments rather than spread them thinly across a 

vast landscape. The GFS approach helps us design 

these investigative programs and optimise our 

research inves tment:. 

! Groundwater 
+ 

: Social 
+ 

Economic 

Combined 

Socio-eco110111ic factors 1v1ll i11fl11ence 111a11age111e11t decisions far 

salinity provinces 



The GFS Framework- good news for 
catchment planners 

The G roundwater Flow Systems rramewo rk 

now enables sound national policies for saLini ty 

management based on risk assessment.. Ten regions 

in the Murray-D arling Basin have used the GrS 

framewo rk, together with regio nal G f S and salinity 

province maps, to define broad management optio ns. 

The Grs framework assists regional natural resource 

management planners to prioritise their response to 

the saLinity threat based on: 

• the assets at ri sk 

• the time scale for fu rther sa Linity increase 

• where best to target remedial actio n 

• the time scale for remediation 

• the social and economjc cos t of mi tigatio n, and 

• how and where to effectively mo nitor p rogress. 

In this way the Framework provides catchment 

managers and regional planners with the tools 

to develop sound plans with technjcally 

supported priority actions. 

T he power o f the Framework will 

g row as new data becomes available 

and as researchers test and reassess 

hypotheses. In the same way we 

will continue to reassess and 

adapt regional strategies in the 

Jjght o f new data and improved 

understanding. 

The immediate challenge is 

T hese achjevements should then be built upon by 

developing more detaiJed catchment, sub-catchment 

and property level information. 

At the smaller scales, gro undwater Aow systems may 

be guite complex, so that interpretation will require 
considerable skjlls and experience. T he Framework 

will allow us to extrapolate from other successfu lly 

managed catchments and to take advantage o f rapidly 

growing and increasingly accessible natural resource 

data. 

Further detail on the G FS Framework can be found in 

the fu ll report. 
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national and Basin-wide 

framewo rks and the available 

regional information to guide 

the delivery of the National 

Action Plan and Natural 

Heritage Trust, together 

Salinity Provinces in the Murray-Darling Basin 
CJ local flow systems in upland alluvium 

with the MDBC's Integrated 

Catchment Management Poljcy 
Statement and Basin Salinjty 

Management Strategy. 

CJ local flow systems in aeolian sands 
• local flow systems in aeolian sands overlying regional flow systems in alluvial aquirers 
- local flow systems in fractured basalts 
• local flow systems in granitic rocks 
- local flow systems in fractured rock aquifers 

• intermediate and local flow systems in fractured rock aquirers 

CJ regional flow systems in unconfined marine sediments overlain by local flow systems in aeolian sediments 
CJ regional flow systems in alluvial aquifers 
CJ regional flow systems in limestone aquirers 

• major water bodies 

Sali11i(y pro1Ji11ces i11 the M11rrqy-Darli11g Basin 
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