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EXECUTIVE SUMMARY
In recent years there has been a trend in parts of Tasmania for land use change away
from traditional grazing enterprises to more intensive cropping, and often irrigated
cropping, activities. This change has been prompted by low commodity prices,
increased drought risk driving a need to diversify to survive, and a recognition of the
potential for higher financial returns from more intensive land use, and is supported by a
State government initiative to double the agricultural production of the State between
1999 and 2008. In the past, land use intensification has often occurred by transferring
technology and experience from one area to another. However, as the soils and climate
are often different, this has, on occasion, resulted in damage to the soil through
structural degradation and erosion. The purpose of this project was to determine the
risks and hazards of resource degradation, particularly salinity as it is known to occur in
each of the three selected study areas, in key low rainfall areas of the State that are
currently, or may soon be, experiencing significant land use change.

This report, together with its accompanying sub-reports, is an objective assessment of
the hazards and threats to the intensification of agriculture in each of the study areas
based on the results of field investigations. It is not intended to be prescriptive. Rather,
it is intended to alert the land manager to potential hazards and provide resource
information that will enable a better understanding of these hazards so as to facilitate
more informed land use decision making, thereby enabling farmers to reduce the risks
of land degradation, maximise production and increase long-term sustainability. The
project has been funded jointly by The Natural Heritage Trust, Department of Primary
Industries, Water and Environment and Mineral Resources Tasmania, and supported by
a range of stakeholder groups (through the project steering committee). Farmers and
land managers in each of the project areas have also provided input and support through
advice, participation in meetings or access to property.

The Land Degradation and Salinity Risk Project, as it has become known, undertook a
number of major activities in three regionally diverse parts of Tasmania, Coal River
Valley in the south of the State, Tunbridge in the central midlands and Waterhouse on
the north east coast. Activities included:

a resource inventory and hazard identification for each study area, incorporating soil
and unique area (UMA) mapping, soil physical characterisation and salinity surveys
(using electromagnetic techniques), and an assessment of the contribution of rainfall
to the salt budget;
a review of salinity and water balance models available nationally in order to
identify a suitable model for predicting the impact of land use change on shallow
groundwater quality and depth for use in Tasmania;
investigations of groundwater systems in each study area and development of
models for groundwater flow with a view to determining the significance of
groundwater systems to salinity processes.

The results of the soil survey, UMA and Electromagnetic (EM) mapping components of
the project are intended to provide the user with the basic resource information on
which to base management decisions. In addition, the information allows an
interpretation and assessment of the nature and distribution of a variety of land
degradation hazards.
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The UMA approach to mapping identifies each map polygon with a unique number.
Each polygon represents as uniform an area as possible with respect to various soil, land
and climate characteristics. These polygon characteristics are recorded in a separate
database with records linked to map polygons via the unique number identifier, thereby
allowing grouping of map polygons according to any item recorded in the database. The
soil map for each area uses this system to group polygons according to dominant soil
type. The wind erosion, waterlogging and sodicity maps presented as attachments to the
various regional sub-reports utilise specific soil characteristics to determine the extent
of the issue being mapped.

Salinity maps, identifying salinity classes based on average ground conductivity to 5 m
depth and derived from EM31 survey results, are presented for each area. The maps do
not necessarily depict the distribution of visual evidence of soil salinity, as surface
salinity will depend on conductivity in the near surface soil layers. Comparison of the
maps show that, of the three areas investigated, the Waterhouse area has the greatest
extent of moderate salinity. Yet, despite this, there is little visual evidence of salinity in
the area and certainly crop production does not appear to be significantly affected,
suggesting that existing salt storage may be located deeper in the soil profile. Table 1
indicates the extent of each salinity class identified in each study area.

Non Saline
<2 dS/m

Slightly
Saline

2-4 dS/m

Moderately
Saline

4-8 dS/m

Very Saline
8-16 dS/m

Extremely
Saline

>16 dS/m

Total

Coal River
Valley

513 3197 898 8 0 4616

Tunbridge 212 2190 2080 150 1 4633

Waterhouse 1 1019 4735 614 31 6400
Table 1.   Areas of land (ha) within the various salinity classes (ECese) in each study area.

While current land use and management in each study area appears not to be impacting
significantly on the salinity risk, any change in land use or land management needs to
be sensitive to identified local hazards. Forearmed with our new understanding of the
extent and severity of salinity in each study area, the use of land management
techniques that minimise the risk of salinity, together with continued monitoring of
potential indicators of changing salinity risk (eg depth to groundwater and groundwater
quality) will help to ensure the continued and sustainable agricultural use of land in
these sensitive areas.

Sodicity Waterlogging Wind erosion
Coal River 17 n/a n/a
Tunbridge 34 14 17
Waterhouse n/a 48* 86

Table 2.   Proportion (% of total area) of each study area affected by at least moderate levels of identified
hazard (*at least high levels).

In addition to salinity, various other hazards have been identified that are specific to
each area. In the Coal River Valley sodicity and its potential to cause soil structure
decline is considered the major hazard to land use intensification, though small areas of
waterlogging, wind erosion and tunnel erosion are also evident. At Tunbridge, soil
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salinity, sodicity, wind erosion and waterlogging are the major hazards. At Waterhouse
wind erosion, salinity and waterlogging are considered to be most significant. Table 2
identifies the proportion of each hazard in each area and the relative extents are depicted
in the appropriate maps attached to the respective sub-reports.

A number of minor soil physical characterisation activities were undertaken to
determine the susceptibility of key soil types to land use change. At each study area one
or two soil types that had either recently been in crop or were in long term pasture were
assessed for aggregate stability and bulk density. While the results are somewhat
approximate due to limitations in experimental technique and the low number of
replications made, some general trends are evident and are presented in the relevant
section of this report and the regional sub-reports.

The salinity modelling component of the project involved a review of salt budget
models to identify a suitable model for use in Tasmania. The review indicated that some
of the models have the capacity to estimate salt accumulation but lack the ability to
model and compare changing land use management practices adequately. Other models,
such as APSIM and SWAGMAN, have the capacity to compare deep drainage under
different cropping systems but require crop and soil data that are not currently available
for Tasmanian areas and crop types.

Key results of the modelling case study suggest that, with current irrigation methods
and scheduling techniques, the contribution of irrigation to deep drainage is not likely to
be as great as the changes induced by changing land management from perennial
pastures to annual cropping rotations. Further modelling will require the gathering of
natural resource data sets to facilitate calibration of these models to Tasmanian
conditions and the validation of modelling results. This is likely to require a
multidisciplinary approach incorporating soils, hydrogeological and crop physiology
expertise.

Mineral Resources Tasmania (MRT) and Coffey Geosiences Pty Ltd completed the
initial development of three-dimensional hydrogeological salt transport models for each
of the three field areas. The models were developed and presented within the software
package Groundwater Modelling Systems version 4.0 (GMS 4.0). The conceptual
design and initial development of all three models represent an excellent foundation for
the future calibration of the models, which would require the ongoing monitoring of key
salinity indicators (ie: groundwater chemical and physical parameters). This work
would aid in resolving the problematic issues related to one-dimensional water balance
models associated with catchment and regional scale groundwater systems within these
areas.

With future calibration of the predictive results of the models (which imply the location
of areas of salt depletion, transportation and accumulation) the accuracy of the
predictive component of the models may be verified over time. The current findings of
the models have identified areas where salinity exists and could decrease or increase,
therefore identifying locations that represent a salinity hazard with respect to local
conditions. Many of the currently inferred saline accumulation zones identified by the
three dimensional modelling coincide with areas identified by salinity mapping
undertaken by DPIWE.
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INTRODUCTION
This report is part of a package of reports and accompanying maps that present the
findings and outcomes of the Natural Heritage Trust supported project "Minimising
Land Degradation and Salinity Risk Using Resource Information and Modelling
Techniques," commonly abbreviated to "Land Degradation and Salinity Risk" project,
or LDSR. The outcomes of the project are summarised in this overarching project report
(orange cover) and presented in more comprehensive detail in the various attached
technical reports.

Other documents in the package are:
Land Degradation and Salinity Risk Investigations in the Coal River Valley, South
East Tasmania (yellow cover);
Land Degradation and Salinity Risk Investigations in the Tunbridge District,
Tasmanian Midlands (pink cover);
Land Degradation and Salinity Risk Investigations in the Waterhouse District, North
East Tasmania (blue cover);
Modelling the Impact of Land Use on Depth to Groundwater (turquoise cover);
Hydrogeological Studies for the Examination of Soil Salinity (green cover); and
Project Communications Strategy (red cover).
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1.   PROJECT DETAILS

1.1   Project Background

The project has evolved significantly since its inception. Originally, DPIWE submitted
two separate projects to the Natural Heritage Trust (NHT) for funding. The first was to
investigate the impacts of land use change in developing areas of the State, while the
second was to take a pilot study area, such as the Coal River Valley, and investigate the
potential of existing salt budget models for predicting the impact of land use on depth to
groundwater and groundwater quality. At the same time, Mineral Resources Tasmania
(MRT) also submitted two projects, one intended to follow on from earlier work by Dell
(2000) that investigated the contribution of groundwater flow to salinity, and a second
to investigate the contribution of rainfall to the salt budget around the State. In
reviewing the individual project applications, the State Assessment Panel (SAP)
identified links between the various individual projects and suggested that MRT and
DPIWE work to combine all projects into a single one, thereby ensuring interaction
between various project components, minimising duplication of effort and reducing
overall project costs.

Following a meeting of potential stakeholders, a single project proposal was developed
that encompassed most aspects of the original four proposals. This single project
differed slightly from the four original project proposals and evolved further during the
initial year of the project. The final project addressed three major areas of operation:

DPIWE staff undertook a resource inventory and hazard identification for each
study area. This involved soil and unique area (UMA) mapping, soil physical
characterisation and salinity surveys, including an assessment of the contribution of
rainfall to the salt budget.
DPIWE staff undertook a review of salinity and water balance models available
nationally in order to identify a suitable model for predicting the impact of land use
change on shallow groundwater quality and depth for use in Tasmania.
MRT, in conjunction with external consultant Coffey Geoscience Pty Ltd,
investigated groundwater systems in each study area and developed models for
groundwater flow with a view to determining the significance of groundwater
systems to salinity processes.
Extensive analyses of rain and bore water samples were undertaken by MRT.

1.2   Aims and Objectives

The project aimed to investigate the potential impact of land use change on resource
condition in low rainfall (<800 mm) areas of Tasmania. The intention of the project was
to identify possible hazards in each project area and the potential impact of these on
future agricultural potential following land use intensification, and to encourage farmers
and advisers to identify and implement appropriate land management practices to
reduce the potential for degradation to occur. This was to be achieved through the
collection of relevant resource information, the identification and development of tools
and the presentation of appropriate land management options to minimise risk and
maximise long-term agricultural sustainability.
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Major outputs from the project are resource information and models for use by land
managers and advisers to assess and make appropriate decisions with respect to soil and
salinity management. Figure 1 outlines the various activities and outputs for the project.

1.3   Project Components

At each project site, key soil, water and land characteristics were identified that are
influenced by, or will influence, land use change. Characteristics investigated include
soil physical and chemical properties, groundwater levels and quality, and salt storage
(including EM surveys). Monitoring sites were established to determine changes in
depth to ground water, soil condition, drainage and salt storage over time. Proposed
activities at each study area include:

EM surveys to assess current sub surface salt stores;
identification and characterisation of soil types, including soil chemistry, soil
physics and hydrology;
establishment of bores for monitoring ground water levels and water quality;
investigation of the contribution of rainfall to the salt budget;
monitoring of current land management and irrigation activities;
development of sub-surface hydrogeological models;
development of "Best Management Practice" guidelines to minimise resource
degradation; and
with the assistance of the Extension Consultant, development and implementation of
an appropriate extension plan.

The information collected formed the basis for assessing the impacts of land use change
on the condition of the resource.

In addition, a review was undertaken of one-dimensional water balance models
currently available to identify a suitable model for use in Tasmania to predict changes in
ground water depth and quality under a range of different land management options.
One model was tested using climatic data, soils and crop rotation information from the
Coal River Valley.

During the course of the project, investigations were made as to the suitability and
appropriateness of using airborne geophysical techniques to assess the extent and
severity of salinity in Tasmania. However, based on external consultancy advice, it was
concluded that the severity of salinity in Tasmania and the value of the potential assets
at risk did not warrant the use of costly airborne systems at this time. Rather, available
resources would be better utilised gathering the resource information necessary to
support possible future airborne investigations and developing our understanding of
salinity processes. Future regional hydrological/hydrogeological models combined with
geophysical survey techniques (appropriate for the Tasmanian geological setting) could
be used to identify undocumented salinity hazards in other areas.
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Figure 1.   Components of the project and their purpose
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2.   A CONCEPTUAL MODEL FOR THE ASSESSMENT
AND MANAGEMENT OF RISK
The following pages outline definitions for risk and hazard and present a conceptual
model that can be used by farmers, planners and industry to make a personal and
subjective assessment of individual risk. Definitions of risk level, implications of risk
impact etc., presented in Tables 1 to 4, can be modified to suit individual needs.

2.1   Concepts of Risk and Hazard

The concepts of hazard and risk can cause considerable misunderstanding and
confusion. In the context of this report and its annexes, a hazard is defined as any
event, process or condition with the potential to cause undesirable consequences. The
presence or absence of a hazard in an area is unrelated to management or current land
use. Risk, on the other hand, is defined as the probability of a hazard occurring and the
consequence of it happening. Thus the degree of risk is linked directly with land use and
management practices.

In the context of this project it is only possible to identify hazards, since the risk is
partly dependent upon a range of external factors. Thus assessment of risk needs to be
done on a paddock-by-paddock basis by individual land managers, as they determine
the land management practices to be undertaken (which affect the probability of a
hazard occurring) and the relative value of the assets likely to be under threat (which
determine the consequence of the hazard occurring). The following sections set out a
structure for individual farmers to undertake their own risk assessment.

2.2   Risk Management

The risk management process involves the analysis, evaluation and treatment of risk.
This section sets out a methodology for farmers to use to determine their own degree of
risk with respect to a particular hazard. It involves determining:

What might happen?
How likely is it to happen?
What damage or injury might result?
How important is it?
What can be done about it?

In most cases it is not possible to provide quantitative assessments of risk as the
necessary numerical data to permit a quantitative analysis are just not available.
Consequently, only simple qualitative assessments are achievable. As the probable
consequences of the hazards in which we are interested are likely to be non-life
threatening, a qualitative assessment is adequate. The following tables present examples
of qualitative terminology and also provide a structure that can be used by farmers to
assess individual risk.

The risk assessment process is simple. From Tables 1 and 2, farmers assess the
likelihood of a hazard occurring and the consequences of that occurrence. Table 3 can
then be used to compute the level of risk, as defined in Table 4.
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For example, a farmer may identify a high sodicity hazard in a particular paddock.
Under perennial pasture activities, the likelihood of this sodicity leading to damaging
soil structure decline and surface crusting might be considered to be unlikely (as derived
from the definitions in Table 1).

Level of
Likelihood Descriptor Description

A
B
C
D
E

F

Almost Certain
Likely
Possible
Unlikely
Rare

Not credible

The event is expected to occur
The event will probably occur under adverse conditions
The event could occur under adverse conditions
The event might occur under very adverse circumstances
The event is conceivable but only under exceptional
circumstances
The event is inconceivable or fanciful

Table 1.   Qualitative measures of likelihood

Similarly, from Table 2, the consequences might be assessed as minor.

Level of
consequence

Descriptor Description

1 Extreme
Considerable crop damage/yield loss. High cost of remedial
works or remedial action not worthwhile. Detrimental
impact likely to be long lasting.

2 Very Severe
High crop damage/yield loss. Significant costly remedial
measures required.  Detrimental impacts likely to carry over
into subsequent years.

3 Severe
Moderate crop damage/yield decline to salt sensitive crops
which cannot be sustained other than on an occasional basis.
Minor damage to less sensitive crops. Remedial measures
costly but achievable.

4 Minor
Limited crop damage/yield loss to salt-sensitive crops. Land
requires minor remedial works to ensure sustainable
production.

5 Insignificant Minor impact. Nil or minor costs of remedial works.
Table 2.   Qualitative measures of consequence

Using Table 3 the level of risk can be determined by locating the intersection of the
“consequence” column and “likelihood” row. In this instance the risk level would be
considered very low to low (shaded light grey). However, in a cropping situation the
likelihood of aggregate dispersion and soil structural decline may be almost certain
(Table 1) and the consequences of subsequent crusting and soil structure decline may be
severe (Table 2). The resultant risk level in this instance (from Table 3) would be high
(dark grey).

CONSEQUENCES to PROPERTYLIKELIHOOD 1. Extreme 2. Very severe 3.Severe 4. Minor 5. Insignificant
A  Almost Certain VH VH H M L
B - Likely VH H M L-M L
C - Possible H H M L VL-L
D - Unlikely M M L-M VL-L VL
E - Rare L L L VL VL
F - Not Credible VL VL VL VL VL

Table 3.   Qualitative risk analysis matrix
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Table 4 outlines some definitions of, and implications for, the various levels of risk.
Risk Level Example implications

VH Very High
Risk

Unacceptable. Significant yield losses. Generally very
costly land management required to reduce risk; probably
too expensive or not practical.

H High Risk Generally unacceptable. High yield losses. May require
extensive land management practices or implementation of
a variety of treatment options to reduce risks to acceptable
level; may be beyond capacity of most farmers.

M Moderate
Risk

Tolerable provided appropriate land management is
implemented to reduce risk. May be accepted with high
management inputs; probably achievable by most farmers.

L Low Risk Usually Accepted. Some yield loss. Requires limited
specific land management to reduce risk

VL Very Low
Risk

Acceptable. Minimal yield loss. No, or only very minor,
management practices required

Table 4.   Risk level implications
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3.   BACKGROUND TO STUDY AREAS
Three study areas were selected from low rainfall (<800 mm) areas of the State which
are currently experiencing, or expect to experience, significant land use change (see
Figure 2). Each study area was about 5000 ha in size and is considered representative of
regionally distinct parts of the State (eg north east, Midlands and south east Tasmania),
thereby enabling the extrapolation of findings for each area to similar areas within the
region.

Hobart Coal
River
Valley

Waterhouse

Tunbridge

Launceston

Figure 2.   Location of the three study areas

3.1   Coal River Valley

The Coal River Valley lies in southern Tasmania to the north east of Hobart. The project
study area includes the middle section of the valley, north from Richmond to the
property of Stockdale. It includes parts of the valley floor, benches, terraces and some
lower foot slope areas. The study area is approximately 16 km long and 3-5 km wide.
The valley is a prominent landscape feature bounded to the east and west by dolerite
hills. A large dam was built near the head of the valley in 1986 to service irrigation in
the lower reaches.

Bureau of Meteorology data indicate an average annual rainfall of around 500 mm
compared to potential evaporation levels of around 1300 mm per annum, with monthly
potential evaporation exceeding rainfall in almost all months. Mean minimum
temperatures range from just over 3.5oC in August to 11.2oC in February. Frosts are not
uncommon during the winter and occasional late season frosts cause significant damage
to flowering stone fruit trees and vines. Corresponding mean maxima are just under
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14oC to 25oC although occasional daily maximums exceeding 30 oC are not uncommon
through the summer months.

Soil types in the valley reflect the complicated pattern of parent materials and landforms
on which they occur. Around Richmond, texture contrast soils have developed on
pediments and terraces of the Coal River. Many of these soils contain high levels of
sodium, resulting in soil structure problems, and are affected by seasonal waterlogging.
Pockets of deep windblown sand occur and windblown sediments have impacted on
many valley floor soils to some degree. Around the foot slopes and valley sides it is
common to find soils developed from dolerite and sandstone, many of which are stony.
Occasional areas of black cracking clays have developed on alluvial sediments and
require careful management to avoid soil structure decline. Scattered throughout the
valley localised outpourings of basalt during the Tertiary period have given rise to some
of the better soils in the area.

The Coal River rises north of the study area and has been dammed at Colebrook. South
of the dam the river is confined to a narrow, often gorge-like, valley until breaking out
into more open country south of Lime Kiln Hill. For several kilometres more the river
meanders through a relatively confined valley with occasional small areas of flood plain
and rolling low hills confined by more prominent hill ranges to the east and west. South
of Campania the valley broadens significantly. While still confined by prominent
dolerite hills, the valley form is now more even, being dominated by a series of
pediments and high river terraces into which the current river has become incised.

Of the hill ranges that confine the valley, the western side is the more dominant, rising
to over 500 m at Coal River Sugarloaf, north of Campania.

Historically the valley has been used extensively for cereals and sheep production.
Since the development of the South East Irrigation Scheme and the opening of the
Craigbourne Dam in 1986, a significant increase in the amount and reliability of water
for irrigation purposes has allowed a major change in farming enterprises to more high-
value production crops (eg stone fruit, vineyards, poppies and market vegetables).
Proximity to Hobart, relatively warm summer temperatures and access to good quality
water from the Hobart town supply have further stimulated development. The Valley is
now recognised for its quality wines and stone fruit and the expansion of these
industries in particular seems set to continue.

3.2   Tunbridge

The Tunbridge study area is located in the central midlands of Tasmania. It is flanked
by the Central Plateau and the Great Western Tiers to the west, and Bellevue Hill to the
south. It comprises six properties, totalling approximately 6500 ha, spanning the
Midlands Highway from Tunbridge to Woodbury.

The Tunbridge study area is situated within the Central Plateau rain-shadow, resulting
in an average annual rainfall of less than 500 mm. The Bureau of Meteorology describes
the area as being regularly one of the driest parts of the state. January, February and
March are usually the driest months, while July through to December are the wettest.
Evaporation at Campbell Town, just to the north of the Study area, is 1133 mm/yr and
exceeds rainfall for 8 months of the year. Mean minimum temperatures for Campell
Town are 0.3oC in July to 9.5oC in February. The area is susceptible to severe frosts in
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colder months, usually April through to October. Corresponding mean maxima are 11.0
oC in July and 24 oC in January.

Soil types of the Tunbridge area are highly variable, developed on a range of landscapes
and geologies. Quaternary deposits include texture-contrast, stony higher-terrace soils,
and lower-terrace soils with shallow surfaces and slowly permeable subsoils.  These
soils are affected by excess subsoil sodium levels, and have shown structural
degradation due to past subsoil-topsoil mixing from deep cultivation.  Lower landscape
soils are a combination of lighter and heavy textured black cracking clays, some of
which display surface salinity, and waterlogging during wetter months. Intermittent
areas of windblown sands covering most soil types make topsoil texture variable, and
hence difficult to manage. These sands have accumulated at variable depths, ranging
from a few centimetres to over a metre in dune landscapes, and are susceptible to wind
erosion. The Quaternary areas are bounded by dolerite hills capping underlying Triassic
sandstones, resulting in a range of texture-contrast soils with stony dolerite soils on
upper slopes and sandstone-derived soils, often with a mantle of stony doleritic material,
on lower slopes. Small areas of stony basalt soils occur in the north of the study area.

The area contains numerous saltpans, including the Glen Morey Saltpan, which have
accumulated soluble salts from surrounding dolerite (Matthews & Latinovic, MRT,
2001, pers. com). Surface water salt concentrations, observed in Tin Dish Creek south
of Glen Morey Road, are probably caused by discharge from the dolerite aquifer in this
area.

The highest topography of the study site consists of rolling dolerite hills to the south and
southwest, with an elevation range of approximately 200 to 350 m. Intermittent dolerite
ridges and hills (including "Brents Sugarloaf", "Nessie Rise", "Red Ridge", "Old
Bailey", Paddy's Hill", and "She Oak Ridge") divert drainage to the Blackman River.

The majority of the study area consists of low-lying, generally flat alluvial plains. Older,
slightly higher alluvial terraced land occurs along relict river courses, which grade
steeply into higher and older relict river terraces.

The majority of the study area forms part of the Macquarie River Catchment. It is
drained by the Blackman River, a tributary to the Macquarie River, which flows from
west to north. To the South, the Currajong and Tin-Dish Rivulets flow intermittently,
usually ceasing in drier months.

The area is currently used for irrigated and dryland cropping, and grazing
(predominantly sheep). Common crops include poppies, barley, wheat, canola, oats,
field peas and occasional potatoes. Plans are being considered to dam the Blackman
River, thereby providing for a greater availability of irrigation water with the potential
to intensify the agricultural land use in the area.

3.3   Waterhouse

The Waterhouse study area is located on the north east coast of Tasmania and is situated
within the western portion of a large coastal sand plain that extends from Bridport in the
west to She Oak Hills in the east. The study area itself is approximately 6500 ha in size
and includes land from 11 separate farming properties. The area represents a traditional
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farming region dating back to soldier settlements after the Second World War and is
noted for its production of sheep for wool and meat and beef cattle.

Average annual rainfall for the study area ranges from 600 mm per annum in the north
west to approximately 760 mm in the south east as altitude and distance from the coast
increase. The study area experiences a winter and spring dominant rainfall pattern with
drier summer and autumn months. There is no evaporation recording site in the vicinity
of the study area. Figures modelled using ESOCLIM suggest average annual
evaporation as 1120 mm/yr. Temperature information is presented from the nearby
recording site at Bridport. May through to October are the coldest months with monthly
minimum temperatures ranging from 5oC in July, to 13oC in January and February.
Corresponding mean maxima are 13oC in July and 23oC in February.

Soils in the Waterhouse study area consist mainly of deep sandy profiles that have
developed from sediments deposited during times of higher sea levels. Subsequent
reworking of this sediment, mainly by wind and some alluvial processes, has lead to the
formation of many landform types within the large coastal sand plain. Peat and clay
textured soils occur in the closed depression and drainage areas within the sand plain
and suffer from poor drainage and waterlogging during winter months. Shallow soils
overlying rock outcrop are found within the foot slopes of the granite and dolerite hills
These soils are restricted by soil depth, stone and gravel content as well as soil moisture
availability in summer months.

The topography of the survey area can be broadly described as low relief, ranging from
sea level to 50 m. The majority of the lower terrain is composed of a gently undulating
plain environment intersected by numerous drainage lines (both natural and man-made),
and also by sand dunes and remnant shorelines that align themselves in a west north
west to east south east direction.

Some coastal dune systems show signs of recent migration activity while most of the
inland systems are stable under some vegetative cover. These sand dunes and ridges
which range from subtle sandy rises 1-2 m from the plain floor to over 12-15 m in
height often determine the course of the local drainage lines and can act as impediments
to drainage flow.

Ephemeral lagoons (some of which have been drained) occupy most of the major
depressions within the lower landscape. Estuarine mud and sand flats occur adjacent to
the mouth and lower sections of the Tomahawk River.

The higher landforms are characterised by occasional protrusions of the underlying rock
types (dolerite and granite) in the form of headlands (Tomahawk Point), tors or hills.
Sediment has often covered these rocks resulting in steep-sided hills on the windward
side and gently sloping ridges of sand to the lee.

Agriculture is the dominant land use in the study area and traditionally has been focused
on the grazing of beef cattle and sheep. Fodder crops and small-scale root crops,
particularly brassicas, have also been grown. In more recent times an increase in
irrigated cropping has seen the production of broad-acre potato and poppy crops. The
development of on-farm water storage has run parallel to this activity, with a number of
on farm dams having been built. Centre pivot irrigation machinery is now a common
sight in this area.
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4.   SOIL MAPPING AND SOIL PHYSICAL
CHARACTERISATION

4.1   Soil Mapping

A soil survey was undertaken within each study area to determine morphological,
physical and chemical characteristics of the soils and map their spatial distribution. An
understanding of soil types and their characteristics permits more informed land use and
land management decision making and permits assessment of land for degradation and
salinity hazard, land capability and cropping suitability. Soil parameters such as
drainage, structure, colour, texture, pH and electrical conductivity (EC) determine how
soil will behave under certain conditions, in terms of cropping robustness, rotation
length, and irrigation rates and an understanding of these properties can assist in
determining level of risk imposed by various land management activities.

The characterisation and spatial distribution of these soils will give an indication of the
hazards inherently present within these soils, and how these hazards might behave under
intensified cropping and irrigation. A Unique Mapping Area (UMA) approach was
taken to the mapping of soils. This approach incorporates an assessment of other land
characteristics in the mapping process. Land units were mapped that were as uniform as
possible with respect to landform, gradient, aspect, geology and dominant soil type. As
well, up to two subdominant soil types were recorded for each polygon. These polygon
characteristics are recorded in a separate database with records linked to map polygons
via the unique number identifier, thereby allowing grouping of map polygons according
to any item recorded in the database.

The UMA/soil maps for each study area are presented as Maps 1a, 2a and 3a
respectively for the Coal River Valley, Tunbridge and Waterhouse areas. The detailed
information for each UMA is appended at the back of the relevant report. The soil maps
and associated UMA information have been used to determine the extent and
distribution of the various hazards identified as occurring within each study area, a
summary of which is presented later in this report.

4.2   Soil Physical Characterisation

At each study area, further characterisation of selected soils was attempted.
Assessments of topsoil and subsoil bulk density and aggregate stabilities were made on
the same soil type at both pasture and recently cropped sites. Bulk density and aggregate
stability tests were designed to determine the impact of cultivating potentially fragile
soils. The measurement of these soil characteristics is recognised as being somewhat
imprecise due to considerable short-range variability of the property being measured.
Time and resources limited the number of replications that could be achieved and, while
trends in the data are apparent, the results are far from conclusive and, occasionally,
contradictory to current understanding.
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4.2.1   Aggregate Stability

There are various measures of potential soil aggregate stability, including the presence
of sodic clays discussed later in section 6.1. Here, the discussion focuses more on the
impact of land use on soil aggregate stability.

Soil aggregate stability was measured to determine whether or not more intensive
cultivation of soils for cropping was leading to a decline in structural strength,
contributing to decreased soil aeration and porosity and increased risk of erosion.

In the Coal River Valley, both the Nugent and Bas1 soils showed increased aggregate
stability in the cropped trial site compared to the pasture site. At Tunbridge, all trials
showed a decrease in soil structural stability in cultivated sites. The sandy soils of the
Waterhouse area have very little in the way of natural soil structure and most aggregates
were totally destroyed during testing. Only at one site, in which there was a little more
clay in the soil, were any aggregates retained. The results from this one site suggest that
aggregate stability declines after cropping.

Aggregate stability results are initial only, with a great number more replicates and
samples required to be able to assess with confidence the impact of cropping on
aggregate stability and erodibility. Further investigation is required to determine the
impact of cultivation on soil aggregate stability, though the trend appears to be towards
declining stability with cultivation. Additional investigations at Waterhouse suggest that
there may be some degree of recovery following long pasture phases after cropping.

4.2.2   Bulk Density

Bulk density is a measure of the tightness with which soil particles are packed together
and is an indication of possible soil compaction and soil structural degradation.

Investigations of bulk density values in top and subsoil samples appear inconclusive.
Both soils investigated in the Coal River Valley and Waterhouse, and one at Tunbridge
showed decreasing topsoil bulk density from pasture to cropping. The one soil at
Tunbridge which showed increasing bulk density (Glen Morey soil) is sodic and this
may explain the increased bulk density values obtained, the dispersive effect of sodium
leading to the development of a more cloddy, compact topsoil. The results for the
Nugent soil, a sodic soil in the Coal River valley, do not support this, as a decrease in
bulk density has been measured.

All subsoil samples in the Coal River Valley and Tunbridge showed a decreasing bulk
density under cultivation (at least to 37 cm depth), while at Waterhouse there appeared
to be very little change in subsoil bulk density between pasture and cropped sites.

4.2.3   Wind Erosion

Soil mapping in the Waterhouse area has identified that the majority of soils have
particularly sandy topsoil textures. These soils are particularly susceptible to erosion by
wind if left bare and unprotected. Being in a coastal location and with little topographic
variability in a low rainfall area further enhances the risk. During the course of the field
study in this area significant wind erosion events were observed and two small trials
were implemented to assess the impact of this soil degradation issue. These trials were
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only undertaken in the Waterhouse area and are reported briefly here. Further discussion
on wind erosion as a hazard is presented in Ch. 6.

The first trial involved an assessment of the relative amount of material being
mobilised. Collectors were installed at 30 cm and 70 cm elevations on the downwind
side of cultivated centre pivot sites and material was collected during the initial crop
establishment period, a period immediately post harvest and for the intervening period
of complete groundcover by the crop. The results clearly demonstrate the effect of
maintaining a good ground cover to minimise erosion, with far greater amounts of soil
being collected from the crop establishment phase than from either crop cover or post
harvest phases.

The second trial involved the chemical analysis of the material collected. The results
indicated that the eroded material comprised essentially fine sand and organic matter
winnowed from the topsoil. This material contained significantly greater concentrations
of most major nutrients compared to typical topsoil material from either cropped or
uncropped paddocks. The results suggest that wind erosion not only causes degradation
by removing topsoil from some areas and burying in others but also removes significant
amounts of nutrients and organic matter, increasing the need for expensive fertilizers.

4.2.4   Conclusions

The results of the soil physical characterisation tests are inconclusive. Bulk density and
aggregate stability measurements suggest that cropping has little detrimental impact on
the soils tested, at the current level of intensity, and this would appear to be a positive
sign for the future intensification of land use in the areas. However, it is recommended
that careful land management is implemented and that both topsoil and subsoil
conditions are monitored on a regular basis.
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5.   SALINITY HAZARD ASSESSMENT
A variety of activities were undertaken to assess salinity at each project study area.
These included EM surveys, installation of monitoring bores, groundwater monitoring,
and monitoring the contribution of rainfall to the salt budget

5.1   EM Surveys

Electromagnetic, or EM, technology has proven to be a useful means of identifying
salinity hot spots in other Australian States. There are a number of EM instruments
available for use but all are essentially comprised of sender and receiver units. Very
simply, the sender unit sends out an electronic signal that is transmitted through the
ground and reflected back to be picked up by the receiver unit. The strength of the
return signal is primarily dependent on soil texture, soil moisture content, temperature
and the conductivity of the soil moisture solution. If salt is present, dissolved in the soil
moisture, the presence of sodium and chloride ions significantly increases the
conductivity of the solution. The depth range over which the various EM instruments
work is partly dependent on the separation distance between the sender and receiver
units, and the orientation of the instrument. The instrument reading is a measure of
average conductivity over the relevant depth.

Two instruments were available during this project. The EM31 instrument is reputed to
measure average salinity over 6 m in the vertical orientation and 3 m in the horizontal
format (5 m and 2 m if mounted 1 m above ground surface). The EM38 instrument
works in a similar manner but, with a closer sender/receiver unit spacing, operates
effectively over shallower depths that the EM31, namely 1.5 m and 0.75 m respectively.
The EM31 is therefore considered to be a useful tool for monitoring salt stores while the
EM38 gives a clearer picture of salinity in the near surface layers which could have
immediate impact on crop growth.

Several definitions are important:

ECa (or ECapparent) data are the actual values recorded by the EM31 and EM38
instruments;
EC1:5 is a measure of the conductivity of a solution of soil and water in the ratio of
one part soil to five parts water;
ECw is a measure of the conductivity of a water sample, and
ECse is a measure of the conductivity of a saturated extract taken from a soil
sample.

ECse is considered to be a much more reliable assessment of the salt content of the soil
as experienced by plants. However, the actual measurement of Ecse is time consuming
and beyond the capacity of this project to achieve. However, ECse is frequently
approximated by multiplying EC1:5 values by a conversion factor which varies
according to soil texture. This estimate of ECse is used extensively for reporting various
salinity results in this report and is abbreviated to ECese.

The results obtained in this study should be interpreted as indicative salinity values as a
number of constraints in the methodology used limit the application of the data at the
paddock scale. For on-farm decision making more detailed surveys are recommended.
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5.1.1   Methodology

The EM survey was undertaken using a Geonics EM31 mounted on the back of a 4WD
quad bike. A wooden frame was used to mount the EM31 approximately 1 m above
ground level. This set-up gives an average ground penetration of 5 m in the vertical and
2 m in the horizontal orientations. The EM31 was connected to a GPS and data logger
to simultaneously record EM readings with location data. Surveys were undertaken
approximately on an grid basis with transects at 50 m, 100 m or 200 m spacing and a
recording interval of about 40 m. Where more intensive transect spacing was used, data
were collected in both horizontal (h) and vertical (v) orientations.

The recorded ECa data were downloaded and the ECa conductivity values were
converted to an interpolated surface using GIS krieging, which estimated the value
between points with a "nearest-neighbour" technique. This produced a map of apparent
EC to 5 m. Finally, an average salt storage map to 5 m was created for each area by
converting the ECa values to ECese values using the respective calibration equations
derived from the analysis of soil samples collected from the bore holes drilled in each
study area (see relevant sections of Annexes 1-3 for more detail).

The calibration equations for each area are different, reflecting the differing
relationships between salinity, texture, soil moisture and other factors in each area.

While it is widely accepted that EM technology is a valid means of identifying and
mapping areas that contain salt, there remains much uncertainty regarding the
relationship between ECa and ECese. While the current interpretations are the best
possible with currently available data and understanding, further research is needed to
provide greater levels of confidence in the calibration process.

5.1.2   Results

The results of the EM survey are presented as maps of average salt storage in the top
5 m (maps 1b, 2b and 3d attached to Annexes 1, 2 and 3, respectively). Table 5 records
the extent of the various salinity classes identified in each area.

Non Saline
<2 dS/m

Slightly
Saline

2-4 dS/m

Moderately
Saline

4-8 dS/m

Very Saline
8-16 dS/m

Extremely
Saline

>16 dS/m

Total

Coal River
Valley

513 3197 898 8 0 4616

Tunbridge 212 2190 2080 150 1 4633

Waterhouse 1 1019 4735 614 31 6400
Table 5.   Extent of land (ha) within the various salinity classes in each study area (based on average

ECese to 5 metres depth).

The results of the EM31 survey in the Coal River Valley suggest that about 20% of the
area falls within the moderately saline category or poorer. These more saline areas
appear to lie within the pediments and higher terraces along the western side of the
valley. Other areas of salinity have been identified on parts of the current floodplain.
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Holz (1987) identified the Churchill, Daisy and Southfork soils as being particularly
susceptible to salinity but acknowledged that soil profile salinity is highly variable. The
results of the EM31h survey appear to suggest that the majority of the salt stores lie
between 2-5 metres, at least in those areas when EM31h surveys were undertaken.

At Tunbridge, roughly half the area investigated is considered as having moderate or
higher levels of salt storage. These areas have been identified in lower elevation
positions, below breaks-in-slope and drainage depressions. Areas of lower salinity occur
on hill slopes surrounding much of the study area. The overall pattern is one of salt
storage closely related to topography and drainage, with soluble salt accumulations
found in areas of moisture accumulation. Terraced land was generally in the moderately
to slightly saline category. The results of the survey using the EM31 horizontal dipole
are similar to those using the vertical dipole. That is, areas of high salinity using the
EM31v dipole are also high in the horizontal orientation. This suggests that salt storage
lies in the upper part of the soil profile.

At Waterhouse, EM31 surveys indicated that most of the area has at least moderate
levels of salt storage within the top 5 m of soil. Most of the very saline and extremely
saline areas occur where surface drainage is impeded, such as ephemeral swamps,
drainage lines and closed depressions. Other areas with very saline and extremely saline
values include soil types that have clay subsoils that are found in low landscape
positions, in areas close to the estuary, and also in areas which are suspected to be
preferential groundwater pathways where moderately saline groundwater flows are near
the surface.

Slightly or non-saline areas often correspond to the apex of sandy rises and taller dunes
which are highly leached by rainfall and deep drainage or areas where groundwater
tables are deep and/or non saline.

The survey undertaken using the EM31 in the horizontal dipole defines a similar pattern
of conductivity with high levels in drainage lines and depressions and low values on
sandy rises. Overall, the moderately saline and above classes are reduced in size,
suggesting that salt storage is greater deeper within the soil profile.

5.1.3   Discussion

The use of EM31 surveys to map the potential distribution of salt stores in the ground
has significantly improved our understanding and awareness of the distribution of salts
in the landscape at the three study sites. While much is yet to be learned regarding the
use and interpretation of the EM31 technology, the salt storage maps that have been
developed are an invaluable resource on which to base more detailed property-scale
investigations and on which to make broad regional decisions with respect to managing
salinity at each study site. The maps produced show some distinct patterns and are
invaluable in assisting land managers in identifying potentially high-risk areas.

The extent of land identified as containing at least moderate salt storage at Coal River
and Waterhouse is somewhat unexpected. The Coal River Valley has long been known
to contain areas of salinity, yet the EM31 survey results suggested that areas of
significant salt storage in the upper 5 metres of soil are limited. In contrast, while
salinity is acknowledged as an issue in the Waterhouse area, it was not considered to be
as extensive as EM31 results suggest, with only limited visual evidence of surface
salinity along some drainage lines.
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However, in both areas results indicate that salt storage is probably deeper in the soil,
and beyond the root zone of most crops. This would explain why there is limited surface
expression of salinity in either Coal River or Waterhouse. In contrast, salt storage in the
Tunbridge area appears to be more in the near surface soil horizons, evidence of which
can be seen in the small salt scolds that are evident in the local landscape.

In the Coal River Valley, higher ECesev results appear on the terraces and pediments
along the eastern side of the valley and also on more recent alluvium on the current
floodplain of the Coal River. This appears to be in agreement with general visual
observation and local knowledge in the valley and with observations by Holz. Indeed,
Holz hypothesised that the salinity occurring on some current floodplain locations could
be a result of salt mobilisation from stores higher in the landscape. This is entirely
consistent with the pattern of salt distribution demonstrated by the EM31 studies.

The results from the EM31 survey undertaken in the horizontal position show
remarkably little variability. Calibration of the raw ECa data, using equation 2, appears
to suggest that, on average, little salt is stored within the top 2 m of the soil, with most
readings falling within the low salinity class (2-4 dS/m). In some ways, this lack of
variability is a surprising result. However, if correct it suggests that the average salt
storage in the top 2 metres of the soil is low and that the majority of the salt lies
between 2-5 meres. This finding is supported by some soil profile data and also by the
observation that the visual evidence of salinity in the Coal River Valley is not as severe
as might be expected given the known groundwater conditions.

At Tunbridge, areas showing higher levels of conductivity are typically drainage
depressions and break-in-slope areas where evaporation would lead to an accumulation
of salts through the summer months. Lower levels of conductivity are associated with
hillslopes. Some visually saline areas did not classify as extremely saline according to
the EM31 readings. Calibration holes in these areas of saline scalds indicate high levels
of near-surface conductivity, dropping off rapidly with depth – hence average
conductivity readings, as measured by the EM31, are more likely to be influenced by
the greater depth of low conductivity than by the high levels of near-surface
conductivity.

It would seem that the high permeability of the sandier soil types at Waterhouse allows
salts to readily flush from the surface, either laterally into drainage lines or into the
underlying groundwater during periods of high rainfall. This leaves the surface horizons
of these soils relatively unaffected by salinity. Meanwhile, the flushed salts become
concentrated in surface drainage lines, watercourses and also in some underground flow
systems. The salt in these structures will accumulate and concentrate if impediments are
encountered that prevent them discharge to the ocean. These locations represent natural
areas of water accumulation and, therefore, accumulate salts flushed from the
surrounding soils. During summer, water evaporates and deposits salt on the surface. In
most parts of the Waterhouse area indicated as being moderately saline, there is little or
no visual evidence of near surface salinity, suggesting that the salt stores are deeper in
the profile.

Comparison of horizontal and vertical dipoles in the areas which were surveyed
supports the supposition that salt storage is deeper (>2 m) in the soil profile. Much of
the area identified in the EM31v survey as moderately saline appears as only slightly
saline where EM31h surveys were undertaken. The areas along drainage lines identified
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by EM31v as very saline to extremely saline are seen to reduce in size under EM31h
mapping, but still correlate strongly with the pattern displayed by the vertical dipole
survey.

All three study sites are identified as containing significant areas of salt affected land.
However, there is limited visual evidence of surface salinity in each area and, where it is
observed, it is usually confined to drainage lines and low-lying depressions. The
knowledge of the extent of salt stores, both laterally and vertically, provided by the EM
surveys provide a first point of reference for determining future trends in salinity and
successfully managing salinity in the local environment.

5.2   Groundwater bores and Water Quality Regional Findings

As part of the calibration of the EM31 data, a number of bores was drilled in each study
area. Soil samples were collected from each bore at regular intervals and tested for
conductivity, moisture content and texture. This information was used to calibrate the
relationship between the raw ECa data and ECese as a measure of salinity, and create
the salt storage maps for each area. The results also provided a profile of changes in soil
salinity down each bore. Those bores that struck groundwater were established as
groundwater monitoring bores at which depth to groundwater and groundwater
conductivity were monitored on a fortnightly basis.

5.2.1   Soil Salinity Analysis

EC1:5 conductivity measurements for all soil samples were plotted against sample depth
for each bore. The results allow a salinity profile of each bore to be developed following
the examples in Figure 3 below.
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Figure 3.   Selected examples of individual soil salinity profiles (EC1:5 in dS/m), some showing
significant salt bulges
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While salinity profiles (EC1:5) vary considerably from bore to bore, some patterns are
evident. In the Coal River Valley, many bores display a salt bulge between 75 cm and
200 cm. At Tunbridge the salt bulge occurs at 75-150 cm and appears to coincide with a
transition zone between heavy textured B horizons and underlying lighter textured
sediments. At Waterhouse, obvious salt bulges are less common and tend to occur
slightly nearer the surface at 50-100 cm. While such salinity profiles can only be
applied to the bores that they represent, they are an indication of the nature (and
complexity) of soil salinity profiles in each region. Also, individual salt bulges often
occur over a narrow depth range and therefore do not necessarily contribute
significantly to the conductivity readings measured by the EM meter which averages
conductivity over the top 5 m of soil.

While not all bores indicated the presence of saline soil layers or included salt bulges,
where such bulges did occur they indicated that depth to salinity and concentrations of
salt were at levels that could significantly impact on crop yields. For example, salinity
levels of 2.9 dS/m were recorded at just 1-1.5 m depth in the Coal River Valley, 2.8
dS/m was recorded at 75 cm in Tunbridge, and almost 5 dS/m recorded at less than
50 cm depth at Waterhouse. These levels of EC1:5 conductivity are considered to reflect
high to very high soil salinity. Where such high conductivities occur in near surface
layers, visual evidence of salinity may often be seen at the surface by the presence of
salt tolerant plant species such as Buck's Horn Plantain (Platago coronopus) and
Yellow Water Buttons (Cotula coronopifolia).

Class Nil Slight Moderate High Extreme

Saturated Extract
Conductivity
(ECse, dS/m)

0-2 2-4 4-8 8-16 >16

Table 6.   Relationship between soil salinity class and saturated paste extract (ECse) (adapted from
McNeill, 1980)

5.2.2   Groundwater Depth and Quality

Depth to groundwater is an important indicator of salinity risk, particularly if that
groundwater is saline or passes through saline soil as it rises. Once groundwater reaches
within 2 m of the surface there is the potential for capillary rise to wick salt
contaminated moisture into the root zone of crops and plants, affecting growth and
productivity. Regular monitoring of groundwater depth and quality can be used to
identify trends in groundwater movement, the effect of irrigation and the effectiveness
of any salinity control measures. Of the 37 bores drilled in the Coal River Valley, 16
were established as groundwater observation bores, 17 out of 51 at Tunbridge and 27
out of 44 at Waterhouse.

Depth to groundwater varied considerably between bores at each study area but all areas
show a gradual seasonal fluctuation in depth, increasing in depth over summer and
decreasing again over winter. This suggests that any irrigation water currently being
applied over summer is either not causing recharge, or that any recharge is less than
moisture loss through evapotranspiration. A longer period of monitoring and strategic
location of additional bores would help resolve this issue and determine the longer-term
impact of irrigation on depth to groundwater. In the Coal River Valley, 6 bores had
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groundwater within 2 metres at some time, while six out of 17 in Tunbridge and 20
bores at Waterhouse had the same. Of these bores almost all had groundwater
conductivity levels over 0.8dS/m and therefore these locations all have the potential for
saline groundwater to impact adversely on crop yields.

There is some evidence to suggest that the groundwaters in both the Coal River Valley
and Tunbridge areas are semi-confined. That is, water table depths are maintained
below their natural level by some impermeable layer within the soil that caps the water
table. Thus depths to groundwater recorded from observation bores that break through
this less permeable layer are likely to underestimate true depth to ground water.
Installation of nested piezometers set to various depths would allow the measurement of
pressure heads within the various intersected aquifers. In comparison, near-surface
groundwater tables in the Waterhouse area appear to be unconfined.

The Tunbridge and Coal River bores show a considerable range of groundwater quality,
from 0.8 dS/m to 27 dS/m at Tunbridge and 0.7 dS/m to over 20 dS/m at Coal River. At
Waterhouse, the range is significantly less, from just 0.3 dS/m to almost 8 dS/m. One
reason for the lower levels of salt in groundwater at Waterhouse might be the sandy,
permeable soils which don’t retain salts as strongly as the heavier, less permeable soils
of the Coal River and Tunbridge, despite the greater accessions from rainfall (see next
section). Nevertheless, almost all bores at Coal River and Tunbridge contained water
that is classified as at least highly saline (see Table 3 below). At Waterhouse, some
better quality groundwater was identified but there remained many bores containing
highly saline groundwater.

Class 1
(Low)

2
(Moderate)

3
(High)

4
(Very High)

5
(Extreme)

Conductivity dS/m 0-0.28 0.28-0.8 0.8-2.3 2.3-5.5 >5.5
Table 7.   Salinity classes for irrigation water (after Stackhouse, 1984)

5.3   Salinity in Rainfall, Regional Findings

Several studies have been undertaken around Australia to investigate the contribution of
rainfall to the salt budget (Hutton and Leslie, 1958, Hingston and Gailitis, 1976). Initial
investigations by Dell (2000) suggest that as much as 600 kg/ha/yr of salt are brought in
by rainfall at Cape Portland, with 410 kg/ha/yr at Tunbridge and 212 kg/ha/yr in the
Coal River Valley.

Two rainfall collection stations were set up in each study area and rainfall samples
collected on a monthly basis. Rainwater samples were tested for conductivity both in the
field and in the laboratory and were analysed further in the lab for their chemical
content. The rainfall collectors were simply plastic buckets with collection funnels set
into the lid and then set into the ground for stability. While contamination from spray
drift or vehicle fuels was evident at most stations in some months, the results are
considered to be a fair estimate of the salt load contributed by rainfall during the
collection period. The conversion of sample conductivity results to salt load utilised the
same methodology as Dell (2000). It should be noted that rainfall collection only
continued for a period of 15 months or so at each station.
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While salt loads vary significantly on a monthly basis at all stations, a pattern of
increasing salt concentration in rainfall appears through the winter and spring months
and decreasing through the summer and autumn is apparent in the Coal River Valley
and Tunbridge. No such pattern appears at Waterhouse, possibly due to the proximity to
Bass Strait. Average monthly salt loads and an estimate of total annual salt load for each
recording site are presented in Table 8.

Lowdina
CRV

Strathayr
CRV

Cheam
Tunbridge

Glen Morey
Tunbridge

Barooga
Waterhouse

Tomahawk
Waterhouse

Monthly
Average

5.2 8.0 6.7 5.2 22.4 19.6

Annual
Total

65.4 96 80.4 62.5 271.4 241.8

Table 8.   Average monthly and annual salt loads in rainfall (kg/ha)

The results indicate that rainfall-transported salt is a significant contributor to the salt
balance at Waterhouse. The reasons for this are likely to be the proximity to Bass Strait
and the prevailing north westerly winds that approach the area directly over the sea. In
the Coal River Valley and at Tunbridge particularly, the prevailing winds pass over
significant areas of land before reaching the study area. The influence of the sea as a
contributor of salt in rainfall is therefore significantly reduced, as evidenced by the
much lower values for salt load.

The values of salt load in rainfall obtained as part of this study are significantly different
to those reported by Dell. However, both sets of results are based upon short periods of
measurement and the difference could be explained by natural variation. Further longer-
term monitoring would be necessary to resolve this. If the figures are accepted as
accurate then it would seem that salt in rainfall is unlikely to have any significant short-
term contribution to salinity unless salt levels build up year by year, which does not
appear to be the case (therefore leaching of accumulated soils must be occurring). The
longer-term impacts of salt contributions in rainfall are much more uncertain and would
depend on a variety of climatic and hydrogeological factors that are beyond the capacity
of this project to ascertain.
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6.   ASSESSMENT OF OTHER REGIONAL HAZARDS
The following sections discuss the hazards identified in each of the three study areas.
Maps are provided, where relevant, that display the likely extent and possible severity
of each hazard. The information will assist in farm planning and informed land
management decision making and, hopefully, assist in minimising the risk of
unacceptable consequences resulting from the mismanagement of existing hazards.
Issues relating to salinity and the salt storage map have been discussed earlier in this
report and are not included here.

6.1   Soil Structure

Soil structure decline refers to the breakdown of natural soil aggregates into, generally,
a more massive, less structured state. Two major causes of soil structure decline in
Tasmania are excessive or inappropriate cultivation and the presence of sodic soils. Soil
structure decline can also result from compaction or pugging by animals and machinery.
This section deals with soil structure decline resulting from the presence of sodic soils.
Other soil structure issues have been discussed in section 4.2.

6.1.1   Nature of the Hazard

Sodic soils, or sodicity, occur when the proportion of sodium ions attached to exchange
sites on soil particles (termed exchangeable sodium percentage or ESP) exceeds 6% of
cation exchange capacity (CEC). The presence of this sodium causes clay aggregates to
swell and disperse, or fall apart, leading to the development of a more massive structure,
reduced permeability and a tendency to set hard when dry.

Most soils in Tasmania are not considered sodic in their topsoils. This is because
sodium ions are relatively mobile and are often leached from the upper soil layers by
rainfall. As a result, sodicity tends to be more pronounced within the subsoil, or B
horizons. The existence of sodic B horizons can often be identified by the presence of a
coarse columnar or prismatic structure or a soapy feel to the soil when it is worked up
with a little moisture (as is done for feeling soil texture). A simple test for sodicity is to
allow a small soil aggregate to sit undisturbed in a beaker of distilled or rain water.
After some hours a cloudy suspension will begin to appear around the aggregate if it is
sodic. The more dense the cloud the more sodic the soil. If the aggregate has simply
fallen apart, or not reacted at all, the soil is likely to be non-sodic. More precise tests
involve the measurement of the amount of sodium ions present.

6.1.2   Options for Management

While in their natural state the risk of structural damage in these soils is minimal. The
danger arises when they are cultivated and the underlying sodic layers are exposed or
mixed with overlying A horizons. Subsequent wetting of the exposed sodic soil, either
through rainfall or irrigation, causes dispersion, structural degradation, erosion and
possible subsequent nutrient and organic matter loss and yield decline. Also, there is the
potential for tunnel erosion to develop in sodic soils, particularly if sub-surface drainage
is installed.
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In order to minimise the risk of soil structure decline resulting from the dispersive affect
of sodic soils, land management techniques should be used that reduce the risk of
mixing sodic subsoils with non-sodic topsoil. This can be achieved either by ensuring
cultivation depth does not reach the sodic soil layer (requires knowledge of thickness of
horizons overlying sodic layer) or by utilising minimum tillage and direct drilling
techniques.

Where irrigation water quality is high, yet it is being applied to sodic soils, there exists
the potential to exacerbate the dispersive affect of the sodium attached to soil
aggregates. One means of reducing this effect is to shandy the good quality water with
water containing some salt. This reduces the concentration gradient of sodium ions
between the soil and the irrigation water, thereby reducing the potential dispersive
effect. However, this procedure is difficult to implement effectively and brings with it
the increased risk resulting from the application of saline irrigation water.

Where sodic topsoils do occur, either naturally or as a result of cultivation, treating the
affected soils with gypsum can help to reduce the impact of soil structure decline and
dispersion. Gypsum has been demonstrated to ameliorate the effects of sodicity by
replacing sodium ions on the soil exchange sites with calcium, thus suppressing
aggregate swelling and dispersion (Rengasamy & Churchman, from Peverill et al 2001).

6.1.3   Significance and Distribution of the Hazard in Each Study Area

Maps 1c and 2c identify those areas in the Coal River Valley and Tunbridge at risk of
soil structure decline as a result of the presence of sodic soils. As discussed elsewhere,
the level of risk of soil structure decline is dependent on a variety of external factors
which, in addition to the presence of sodic soils, include depth to sodic horizon, degree
of sodicity, land use and management practices.

Within the Coal River Valley the soils affected include Nugent, Coal, Strelly, Southfork
and, to a lesser extent, Churchill, Riversdale and Cranston. Together these soils amount
to a total of 813 ha, or 17% of the area.

At Tunbridge the soils affected include Woodbury, Lowes Park and Glen Morey which
amount to 2194 ha, or approximately 34%, of the study area. Soils most at risk of
structural decline are those with strongly sodic subsoil directly underlying shallow
topsoil, which increases the risk of mixing sodic material with surface layers under deep
cultivation. This is most likely where sodic subsoil occurs within 20 cm of the surface.
The incorporation of sodic clays into cropping topsoil was observed in several cropping
areas within the study site. The degree of sodicity and depth to sodic subsoils is highly
variable, which significantly complicates management.

At Waterhouse many of the sandy soils were identified as being highly sodic. However,
because these sand soils contain little clay, and consequently soil structure is already
very poor, it was considered unlikely that soil sodicity would have any significant
detrimental impact on soil structure on these soils in this region.
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6.2   Waterlogging

6.2.1   Description of Hazard

Waterlogging typically occurs in low-lying areas that accumulate run-off from up slope,
are subject to flooding or inundation, and where soils are slowly permeable or do not
allow accumulated water to drain away rapidly; or where high ground water tables
occur, either seasonally or permanently. Waterlogging usually results in the exclusion of
soil air and is detrimental to most plant growth.

For all three regions waterlogging poses only a minor threat to cropping enterprises as it
is essentially a problem of the wetter winter months (when it can be significant), though
it can delay cultivation and threaten crop establishment if the waterlogged period
extends into early spring and summer. Waterlogging can also threaten the harvest of
crops like potatoes when rains in summer or early autumn are above average.
Consequently, waterlogging has the greatest impact upon grazing activities and while
waterlogged conditions in winter may be detrimental this is offset by the high moisture
availability well into late spring and early summer when rainfall may be below
optimum.

6.2.2   Options for Management

Options for managing waterlogged soils depend on a variety of factors including
topography, the nature of the soil, cause of waterlogging and proposed land use. For
surface waterlogging, when wetness results from run-off from upslope or inundation
from rivers and creeks, options to divert water away are most appropriate. Such options
might include diversion banks, flood protection levees, or cut-off drains. Alternative
techniques are required where waterlogging results from high groundwater levels or the
soils' capacity to absorb and retain moisture. Subsoil drainage, deep surface drains,
raised beds, managing traffic and tillage operations to maximise opportunities for soil
structure improvement and minimise compaction are techniques more suitable for wet
or slowly permeable soils. However, many of the techniques require careful installation
to ensure maximum benefit, reduce risk of erosion at points of outfall and to ensure that
the problem is not just diverted onto someone else's property. Also, the management
option used needs to be carefully matched with likely volume of water to be removed,
topographic and soil conditions.

If land is to be irrigated the choice of irrigation system is important. Centre pivot
irrigators offer far more control over water application than do the more traditional gun
irrigators. Irrigation management is also important to control waterlogging as well as
salinity. Consideration should be given to deficit irrigation where slightly less water is
applied than is actually required by the crop. This minimises the risk of any recharge to
the groundwater system though consideration must be given to the possible impacts of
salt accumulation if top quality water is not being used - particularly in dry areas where
natural rainfall may not be sufficient to flush accumulated salts from the system. In
wetter areas, the excavation of shallow drains to remove surface water is usually
appropriate.



25

6.2.3   Significance and Distribution of the Hazard in Each Study Area

Waterlogging was identified as a significant issue at Waterhouse and, somewhat
surprisingly, at Tunbridge. The areas affected are identified on maps 2d and 3c. The
presence of a waterlogging hazard is acknowledged by farmers in the Coal River Valley
but it tends to be localised and farmers consider that it is managed adequately. It is
recognised that heavy rains or poor irrigation management could lead to temporary
waterlogging, particularly on heavy textured soils in the Coal River Valley, but such
situations rarely occur.

The generally low lying topography and very gentle gradients of the Waterhouse area,
together with relatively shallow depth to groundwater, make it susceptible to
waterlogging, despite the sandy, permeable nature of the soils. Waterlogging is
exacerbated by a combination of low run off rates, seasonal high groundwater tables,
some slowly permeable soils, and topographic complexity which causes interrupted
surface drainage eg. dune barriers, closed depressions, swales and marshes. In the past,
surface drains have been installed in some areas to carry excess water to drains and
waterholes or directly to the Tomahawk River.

Some 3087 ha (47.5%) of the study area have been identified as having a waterlogging
hazard with Estuarine soils, Waterhouse Peat, Whitemarsh Complex, Thorpe Sand
(shallow phase), Tomahawk Sand and the Tobacco Hill alluvial variant considered to be
soils most at risk. However, the main period of risk is through the winter and thus
outside the main cropping season and the overall risk imposed by waterlogging might
therefore be considered to be low. Indeed, some of the areas classified as having a high
potential for waterlogging are some of the most productive cropping areas within the
study area, largely due to the presence of more fertile soils and the installation of
surface drainage to remove excess water and allow earlier access to the land. However,
cropping farmers can still experience delays during paddock preparation and planting as
a direct result of wet soil conditions. This is compensated for by high moisture
availability and lower irrigation costs during the early summer period.

Resolving the waterlogging problem in the Waterhouse area is a matter of balancing the
benefits of improved drainage, such as earlier opportunities for cultivation and lowered
groundwater tables reducing adverse affects on crops and salinity risk, against the risks
of over drainage which could reduce productivity in the short term by lowering soil
moisture availability during the early summer months when rainfall is also at a
minimum. Also, lowering groundwater levels could reduce long-term fertility and
sustainability by lowering the rates of organic matter accumulation in the topsoils and,
hence, the ability of these soils to bind nutrients. If drainage is to be implemented in
these areas, careful planning, including organic matter management, is required to avoid
degradation of these soils.

The Waterhouse study area is ideally suited to a community drainage scheme with
relatively short distances to river and sea outfalls. An appropriate design that would
assist farms to shed winter excesses and control watertable heights to allow early
cultivation would greatly benefit the Waterhouse area.

At Tunbridge low soil permeability is considered the main cause of waterlogging. While
the actual waterlogging risk is considered to be low due to the low rainfall in the area,
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the hazard has been recognised by the Tunbridge landowners, and would require
consideration during above average rainfall periods, or when applying irrigation. Soils
most at risk are the Heavy Canola and the Saltpan Plains Soil Profile Classes.

Approximately 851 ha (14%) of the surveyed area is classed as having a moderate
waterlogging hazard, while 570 ha (10%) of the area is considered to have a low hazard.
Some low-lying depressions in the area can remain waterlogged for many months
through the winter. The waterlogging and salinity problems of these areas are well
known and consequently they are not cropped.

The expansion of irrigated agriculture in the area has the potential to increase the areas
impacted by waterlogging. There are several management options that would help to
reduce potential for waterlogging.

In the Coal River Valley, areas of the lowest terrace of East Kangaroo Rivulet, together
with some parts of the Coal River flood plain, appear most at risk (Churchill and Roslyn
soils), together with some of the minor seasonally flowing creeks and tributaries.
However, the areas are well known and managed appropriately. Where crops are grown
there exists the potential for crop loss in wet summers but the risks are considered
acceptable by the landowners involved. However, there are implications for the longer-
term health of these soils, particularly the risks of compaction and soil structure decline
resulting from trafficking while the soils are still too moist. Discussions with land
owners in the area did not identify waterlogging as a significant issue although, with
areas of heavy textured and sodic soils, there is the potential for a much wider impact
during wet years or if excess irrigation is used.

6.3   Wind Erosion

6.3.1   Nature of the Hazard

Wind erosion tends to occur on dry, loose unprotected soils. It involves the detachment
and transportation of soil particles from the land surface by the action of wind. The
susceptibility of a soil to erosion is dependent on wind strength and the size and
cohesion of soil particles exposed to that wind. Thus loose, sandy soils with little
aggregation are more susceptible than heavier soils with good aggregation. Typically, it
is often the finer soil particles, including organic-rich material-carrying nutrients, that
are lost in a wind erosion event thus it is particularly important to protect susceptible
soils from exposure to wind.

6.3.2   Options for Management

While some soil types are more prone to wind erosion than others, erosion rarely occurs
unless the soils are exposed, through cultivation, incorporating fallow phases into the
production cycle, pre seedling emergence or over-grazing. Wind erosion can be
minimised, therefore, by avoiding fallow periods that leave soils without any vegetation
cover. Also cultivation is designed to break up the soil thereby creating a suitable
medium for seed germination. However, excess cultivation or inappropriate cultivation
techniques for the soil type have the potential to increase wind erosion risk by
destroying the natural aggregates of the soil. Management options to minimise wind
erosion focus on appropriate cultivation operations, and reducing exposure of the soil
surface to wind, either through maintaining a degree of cover or planting of shelter
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belts. When cultivating for cropping or pasture renewal, consideration should be given
to the benefits of minimal tillage and direct drilling operations. Heavy discing or other
forms of cultivation which impact heavily on soil structure should be avoided,
particularly if soils are dry, are on land exposed to prevailing winds or are unprotected
by shelter belts.

Basic management practices for soils prone to wind erosion include:
minimise fallow or bare surfaces during windy periods;
practise minimum tillage;
avoid cultivation under high winds or during dry conditions;
maintain vegetative cover in sandier or elevated areas;
maintain stubble cover and implement direct drilling practices where possible;
establish windbreaks to increase shelter and break down wind-flow;
maintain perennial pasture in sandy, exposed areas, and exclude from stock if severe
erosion is present;
use cover crops to protect exposed areas under germination and shield high-value
crops from sandblasting;
use stocking rates that avoid over-grazing and loss of vegetative cover;
incorporate erosion reduction strategies such as paddock assessment to identify
prone areas, irrigate during erosion events, align beds across the prevailing wind
direction etc.

Moore et al. (1998) provide a self-assessment process to determine paddock status and
susceptibility ratings that can assist land holders to determine their level of risk from
wind erosion. It checks whether protection is available from windbreaks, surface stone,
gravel or from plant cover. It then assesses surface condition and soil structure.
Depending upon the levels of protection or soil condition a paddock can be assessed
readily for its susceptibility to wind erosion.

6.3.3   Significance and Distribution of the Hazard in Each Study Area

Map 2e presents the extent of areas identified as having a wind erosion hazard at
Tunbridge. 17% of the study area is considered to have at least moderate wind-erosion
potential. Many of the soils in the area have been influenced by the aeolian deposition
of sandy material and it is the resulting loose, light textured, sandy and fine structured
topsoil that make these soils prone to erosion by wind. Soils with loamy sand or sand
topsoils have a higher wind erosion potential than soils with sandy loam or clay loam
surfaces. Thus the Panshanger soils have greatest susceptibility, with shallow
Panshangers, Glen Morey (deep phase) and Brumby (deep phase) soils having moderate
susceptibility.

Evidence of erosion by wind, sand accumulations on the windward side of shelter-belts
and fence-lines, for example, was observed during the study and anecdotal evidence
from landowners has also indicated that wind erosion is a problem in certain soils, with
crop loss due to seedlings "blowing-out" of the ground.

At Waterhouse, areas with a wind erosion hazard are identified in Map 3b. The sandy
nature of the soils in this area predisposes the majority of the area to a wind erosion
hazard. Investigations have shown that it is the organic and nutrient rich finer material
that is most easily blown and lost from the paddock.
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Most of the areas with a very high to high wind erosion potential occur along the
northern coastal fringe of the study area and include prominent, sparsely vegetated steep
dunes or beach ridges. Raised sandy banks, old migrated dune remnants and old
shorelines are typical landforms for these areas. Such landforms often have a
characteristic linear, east-west, trending shape indicative of their aeolian formation.
Soils having a high to very high susceptibility to wind erosion include Swanage Sand,
Tomahawk Sand (deep phase), Flagstaff Sand, Thorpe Sand, Badger Sand and
Calcareous dunes.

Prevention of wind erosion on these coastal dune systems is far easier to achieve than to
rehabilitate already degraded areas. Therefore, all areas identified with a very high
erosion potential classification need extremely careful management to keep the
vegetative cover at a level that prevents sand movement. This is usually achieved by
fencing and stock exclusion.

Areas with moderate wind erosion risk occur on the broader plain landforms and make
up the majority (approx 55%) of the land identified with a wind erosion hazard. A
further 31% of the area is identified with a high wind erosion hazard. These areas
include most of the arable land within the Waterhouse region and include areas of
Tomahawk Sand, Thorpe Sand (shallow phase), Waterhouse peat and Whitemarsh
Complex soils. Areas of Tobacco Hill, and Skeletal soils on dolerite and granite are also
included in this category.

Only the heavier textured soils within drainage lines and large closed depressions that
remain wet for longer periods of the year have been identified as having a minimal wind
erosion hazard.

The Coal River Valley does not contain extensive areas of sandy textured soils and
farmers in the area do not consider wind erosion to be a significant hazard except on
areas of Penrise or Inverquharity soils. No map has been produced for wind erosion
hazard in the Coal River Valley but areas of susceptible soils can be identified from the
soil map.

Intensification of land use at Tunbridge and Waterhouse will lead to an increase in
cropping area, and expose a larger land area to wind erosion during crop establishment
or fallow periods. In such circumstances greater consideration needs to be given to the
potential for wind erosion and the management options to minimise the risk.

The use of trees as windbreaks has traditionally been one method of controlling wind
erosion. However, if more areas are to go into crops and broad areas of pasture renewal
are to occur in the future, the incorporation of many more windbreaks into the farm plan
will be required to further minimise the risks. At Waterhouse, many existing windbreaks
are old and degraded and farmers have found it difficult to establish new trees that will
survive the harsh conditions found within the area, particularly the presence of shallow,
saline groundwater. An initiative by the farm forestry industry to trial two new eucalypt
hybrids, Eucalyptus camaldulensis/grandus and Eucalyptus camaldulensis/globulus, as
an economic farm forestry option may provide some solutions to the shortage of hardy
species that would suit the Waterhouse environment. Trials have been planted at
Westpoint in 2002 in the north of the study area, as part of the broader trial program.
Other native species such as manuka and boobyalla may also provide useful options
where wind protection is required. Consideration should also be given to the range of
wind erosion control options discussed in section 6.3.2.
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7.   WATER BALANCE AND SALINITY MODELLING

It is currently accepted that salinity is an issue in many low rainfall areas of Tasmania.
Salinity can be linked directly to the water balance in a region and there exists a real
need for tools that can predict the impacts of changing land use on water balance,
particularly conditions such as depth to groundwater and groundwater quality. Sections
3.1 and 3.2 outline the findings of two separate modelling components of this project.
MRT and Coffey Geosciences undertook three-dimensional temporal hydrogeological
modelling of groundwater flow, while DPIWE undertook a review of existing water
balance models and their use for predicting groundwater fluctuations under various land
use scenarios.

7.1   Identification of One Dimensional Salt Balance Models for Use in
Tasmania

At the commencement of this project the intention was to identify existing models that
could predict changes in depth to groundwater and groundwater quality under a range of
land use options. The status of salinity research from across Australia was extensively
reviewed to identify an appropriate salt budget model for use in Tasmania to compare
and contrast salt accumulation in soils under different land use practices. As the project
progressed however, it became apparent that such models did not exist and that the best
alternative was water balance models of which there are a considerable number in use
around the country. While some of the reviewed water balance models have the capacity
to estimate salt accumulation they also lack the ability to model changing land use
management practices adequately. However, the power of one-dimensional water
balance models is not to predict absolute quantities of deep drainage for specific sites or
situations but to analyse likely trends, changes or impacts on the water balance that
result from land use change

Throughout Australia one-dimensional water balance modelling is being used to
compare the risk of salinisation under different land uses by investigating the impact of
land management upon deep drainage. Increased flows of water below the root zone and
into the groundwater system are responsible for rising groundwater and salinisation
throughout the country. Water balance models afford opportunities to explore the
productivity of different land management systems and their potential impact on
groundwater systems and salinity. Extrapolating the water balance estimation to infer
salinity risk on a larger scale, however, can be problematic because of interactions with
catchment or regional scale groundwater processes and lack of knowledge of the deeper
geology.

The models considered and used in this study are all one-dimensional water balance
models, which consider water moving vertically but not horizontally in the soil profile.
They are most often used to determine the impacts on the water balance of climate, soils
and vegetation by determining the magnitude of change of deep drainage rather than
absolute amounts. Essentially all the models reviewed work in the same manner. Some,
like PERFECT, SaLF and SODICS, have been developed in the sub tropical regions of
Australia and have not been calibrated for use in temperate regions. Some, like
HYDRUS2D and APSIM, require extensive training and up skilling before they can be
applied with useable outcomes. All the models reviewed require parameter information
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that may not be available in Tasmania. In the case of AgET and WAVES literature,
sources of information are the best options when real data are unavailable. For other
models such as SWIMv2, APSIM and SWAGMAN the data requirements are extensive
and use of these models without complete soil and crop parameter data sets is not
recommended. A weakness inherent in all of these one-dimensional point scale water
balance models (except HYDRUS 2D) is that they do not have the capability to model
the spatial effects of land use change.

Detailed investigations of the programming set-up of several models were conducted to
determine the feasibility of adapting them for use in Tasmania. For example, AgET is
Agriculture Western Australia's standard water balance calculator, developed as an
extension tool to assist in the exploration of the water balance components, associated
with different planting and cropping options. It assists farmers and their advisers to
understand how differing climates, plants, soils and rotations influence components of
the water balance. AgET uses average climate and representative soil and plant
information from agricultural areas of Western Australia and is a simple model with
three primary parameters. The model offers quick advice on the potential effectiveness
of land use options in controlling salinity. It is a point scale model that provides a
surface water balance with respect to the conditions of climate, soil, and land at any
point. At first glance this would appear to be the ideal model, however, while it was
possible to adapt the model to use Tasmanian climatic data it was going to be a
significantly more complex task to take account of additional water added through
irrigation. Ultimately, this model was not considered suitable.

In the end, the water balance model WAVES was adopted for a pre-experimentation
water-balance investigation in a case study area of the Coal River Valley. WAVES was
used to model the complexity, episodicity and relative magnitude of the effect of
changes in farming systems on the amount of long-term deep drainage. The case study
incorporated Tasmanian climatic and soil data but not crop physiology for Tasmanian
conditions.

Key results of the case study suggest that the major impact of land use on groundwater
is the change from perennial pastures to annual cropping rotations. This is due to the
reduced transpiration and moisture uptake that occurs under cropping systems. The
contribution of irrigation to deep drainage, given current irrigation methods and
irrigation scheduling techniques, is not likely to be as great as the changes induced by
changing land management from perennial pastures to annual cropping rotations.

Towards the end of the project additional new models were being discussed that may be
able to perform the tasks originally intended for this project. Models such as APSIM
and SWAGMAN both comprise a series of sub-models that the user can simply plug
into, thereby enabling the development of a more complex supermodel. However, there
remains the need to collect the relevant soil, climate and crop physiology information to
plug into the models to make them applicable to Tasmanian conditions and farming
practices. This will require experimental work to obtain information about the
hydrology and chemistry of soils, phenological descriptions of commonly grown crops,
and detailed climate information (amount of rainfall, intensity of rainfall, sunlight hours,
and humidity conditions). Quantitative yield and irrigation quantity information would
also be advantageous. Development of the models will also require a multi-disciplinary
approach to facilitate the gathering of data and to complete scenario modelling with
model calibration and validation of results. Ultimately it is the farmers who will be the
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end users of model outputs and it is envisaged that a user-friendly version of the model
will be available to non-technical end users to help in land use change decisions. Both
APSIM and SWAGMAN have tools and capabilities in place to support this.

The WAVES model is currently available to demonstrate the relative impact of different
land management options on recharge. However, users should be aware that without
specific Tasmanian data to feed into the models, the results are qualitative rather than
quantitative.

7.2   Hydrogeological Modelling

Mineral Resources Tasmania (MRT) and Coffey Geosiences Pty Ltd completed a
detailed three dimensional unsaturated/saturated zone hydro geological salt transport
model for each of the three field areas. The models were developed and presented
within the software package Groundwater Modelling Systems version 4.0 (GMS 4.0).
The scope and results of the three models (plus long term management implications) are
summarised in the Executive Summary of the Coffey Geosiences Pty Ltd modelling
report.

Prior to the commencement of groundwater modelling a broad field program was
conducted across each project site involving the installation of numerous groundwater
monitoring wells and a series of hydrogeological tests. The field testing included:

groundwater level monitoring;
groundwater sampling and associated analyses;
permeability testing (falling-head and rising-head tests);
infiltration testing; and,
land-use mapping

Data collated during the field program were augmented with information gathered from
previous investigations to develop the various characteristics of the groundwater model.

As part of the modelling process, a hydrogeological map was produced for each study
area. These maps may be used to locate and manage groundwater resources in the
future. Pump testing data used to calculate hydraulic properties of the host sedimentary
materials may also be useful in the design of any future hydrological management
systems for each site.

The main outputs of the models were a series of 20 year simulations carried out to
predict changes of total dissolved salts (TDS) in the landscapes. The simulations
indicated a gradual decrease in TDS in the unsaturated zone of the soil profile over the
majority of the surface area of the three sites. The decrease in TDS concentration with
time was observed in each study area, solely due to the TDS concentration in rainfall
recharge being approximately one order of magnitude less than that of groundwater.
The model simulations indicated the pattern of salt transport is highly influenced by the
direction and magnitude of groundwater flow, with the modelling outputs demonstrating
that TDS mobilisation is towards major groundwater discharge areas (eg: closed
drainage systems and river mouths). As a consequence, groundwater TDS
concentrations may be expected to increase with time in these areas.
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MRT is the current custodian of the multiple input files and the GMS 4.0 master
modelling files. The conceptual design and initial development of all three models
represent an excellent foundation for the future calibration of the models, which would
require the ongoing monitoring of key salinity indicators (ie: groundwater chemical and
physical parameters). This work would aid in resolving the problematic issues related
with one-dimensional water balance models associated with catchment and regional
scale groundwater systems within these three areas. The accuracy of the predictive
component of the models may be verified over time with calibration of the results of the
models. Many of the currently inferred saline locations/salinity accumulation zones
identified by the three-dimensional modelling coincide with areas identified by salinity
mapping undertaken by DPIWE. In general, the three existing groundwater models
provide a framework that can be extrapolated for conceptualising salinity accumulation,
recession and movement for other areas featuring similar surface and subsurface
characteristics.

Future modelling of salt sources, related transport and accumulation mechanisms within
Tasmania should be conceptually designed within a combined and interactive
framework of surface hydrology and sub-surface hydrogeology. High-risk catchments
could be identified by low contoured rainfall data combined with groundwater regional
flow systems that contain low transmissivity (flow rate) values. On the completion of a
larger scale local/regional modelling approach to the greater Tasmania hydrological
system, numerous additional agricultural and urban salinity hazards may be identified
and further investigated at the paddock/infrastructure scale.
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8.   PROJECT CONSTRAINTS & RECOMMENDATIONS
FOR FUTURE WORK

8.1   Limitations of Project

This project was very much a groundbreaking investigation. In hindsight it is clear that
it was ambitious in terms of outcomes. However, within the timeframe available it has
significantly improved our capacity to undertake and interpret EM surveys, developed
complex groundwater models, made resource information available to farmers to assist
with property planning, identified data gaps and provided an insight as to what more
needs to be done to address some of the issues and problems. To this end, this project
has been most successful. Some of the project constraints and weaknesses are outlined
in the following paragraphs:

Short duration of project. This project operated over a period of 21 months. For the
various monitoring activities this meant the collection of data over a little more than
one year. It is possible therefore, that the values and trends seen in the data for salt
in rainfall, depth to groundwater and groundwater conductivity may not be
representative of trends or extreme values. The conclusions derived from such
results should be considered tentative and subject to verification. However, the data
sets do provide a valuable baseline against which to compare any future monitoring
work.

Similar limitations apply to the hydrogeological modelling. This component of the
project used only a short period of data to create models of groundwater hydrology
and there was no time in the project available for model verification. As well, the
lack of certain information meant assumptions had to be made in the development of
the models - for example, it was assumed that there was no external input of salt in
the prediction of groundwater salinity trends. Inevitably, therefore, salt levels
declined over time. This situation is unlikely to be reflected in reality.

Most groundwater observation bores were simple water level monitoring wells of
combined water tables rather than nested piezometers. Given that many of the near-
surface water tables encountered are likely to be semi-confined, the resulting water
levels in the monitoring wells are not a true reflection of groundwater levels. Groups
of nested piezometers, properly installed to differing depths may overcome this
problem.

Limited number of observation bores in each area. More bores in deeper and
shallower aquifers would give greater confidence in hydrological modelling of
shallow groundwater hydraulically connected to larger bedrock catchment/regional
flow systems. Some bores should be drilled on hill slopes to assess potential salt
storage in these areas.

Many bores for EM31 calibration did not reach the required 5 metre depth. The
implications of this on final results are unknown.

The presence of highly sodic soils may be influencing conductivity results from both
EM31 and EM38, although the extent of this effect is unknown.
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8.2   Future Opportunities

The project identified a variety of opportunities for future work that would be of value
in the future assessment of hazards, particularly salinity, in the three study areas. More
specific recommendations for each study area are outlined in the respective annexes.

Montoring programmes need to be established to determine the long-term trends in
local/regional/catchment groundwater hydraulic systems and groundwater quality.
Information on long-term groundwater trends should be collected to enable
improved management of salinity in Tasmania.

The groundwater modelling project identified SWAGMAN and APSIM as useful
models to predict the impact of land use change on groundwater depth and salinity.
However, such models use soil and crop physiology parameters relevant to mainland
states. While the models would be useful tools for use here in Tasmania, appropriate
information needs to be gathered to input into the models to make them
representative of Tasmanian conditions.

There is a need for a detailed investigation of salt movement through the soil to
determine the likely future impact of using high salinity (greater than 0.8 dS/m)
irrigation water on the long-term salt budget. This should include an assessment of
leaching requirements, after considering the leaching effects of winter rainfall.

Studies to quantify the yield loss given current soil salinity levels and irrigation
water quality would provide a valuable economic indication of the impact of salinity
on agriculture.

Further investigations into the actual processes leading to the development of
salinity, and the source of the salt, are also recommended.
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