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Executive Summary

This report provides the background to the derivation of salinity maps for inclusion in the Colac
Otway Shire Planning Scheme. The project, a joint initiative between the Corangamite Catchment
Management Authority and the Golden Plains Shire, Corangamite Shire, Colac Otway Shire and
Surf Coast Shire, aims at managing salinity to mitigate the risk of damage to public and private
assets. The project is funded by the National Action Plan for Salinity and Water Quality, a joint
Federal and State Government program with a goal of protecting agricultural productivity,
biodiversity, infrastructure and water quality from salinity. One option for protecting assets from the
threat of salinity is to implement appropriate strategic planning of urban and rural development
through the Municipal Strategic Statements, and the appropriate control of development through
the inclusion of a Salinity Management Overlay in the municipal statutory planning schemes.

There are 539 mapped salinity sites in the Colac Otway Shire, ranging in size from 658 hectares to
85 square metres. The average size is 19 hectares. The majority of the salinity occurs in saline
wetlands, accounting for 55% of the total of 10,252 hectares. The remaining 45% of land salinity is
almost evenly divided between dominantly primary (20% total) and dominantly secondary (25% of
total).

Groundwater flow systems characterise similar landscapes in which similar groundwater processes
contribute to similar salinity issues. They are categorised into three types, according to their
hydrologic response to management, viz: local systems which respond rapidly to changed land-
use, intermediate systems, and regional systems, which have a very slow response to changed
land-use. However, the process that causes salinity at any particular point in the landscape is quite
unique and requires an understanding of the geology, groundwater flow systems and land-use at
that particular location. Within the Colac Otway Shire, a number of salinity process models have
been conceptualised and documented in various studies. Two examples — Colac and the salt
lakes — are provided to emphasise the importance of the conceptual models.

Areas in the Colac Otway Shire where salinity may potentially threaten assets have been mapped
for inclusion into a Salinity Management Overlay. These include sites where salinity has been
identified by previous mapping and areas where salinity is not obvious, but may develop in a
relatively short time frame or within the design life of a development (taken as around 30 to 50
years). In these areas there is sufficient salt present in the soil to restrict plant growth or potentially
threaten the integrity of buildings, infrastructure and utility services, and the area is underlain by
relatively shallow saline watertables.

In the Colac Otway Shire, a number of the primary salinity wetlands and lakes are already covered
in Schedule 2 to the Environmental Significance Overlay (ESO2) of the Colac Otway Shire
Planning Scheme. However, in some cases the shallow saline groundwater surrounding these
lakes and wetlands may be under threat by inappropriate development which may lower the
watertables and dry out the environmental asset. In other cases, the small ephemeral saline
wetlands, particularly in the stony rise landscapes may have high environmental values still
preserved. These areas have been identified as potential primary salinity environmental assets
and it is recommended that they are further investigated to determine their suitability for inclusion in
the Environmental Significance Overlay (ESO2).

Broad areas have been delineated in which there is potential for certain land-uses, such as
extensive irrigation schemes, urbanisation or vegetation removal, to rapidly change the hydrology
of responsive groundwater flow systems. These land-uses may lead to changes in groundwater
levels which may exacerbate existing salinity or initiate new outbreaks elsewhere in the landscape.
Mapping these areas is only possible at a regional scale, as they are based on the groundwater
flow systems, mapped salinity and probability of shallow watertables being present. These areas
are provided to the Colac Otway Shire for inclusion within the Municipal Strategic Statement (MSS)
to highlight the issue of potential salinity hazard and for further strategic planning consideration in
the next revision of their MSS.

Dahlhaus Environmental Geology Pty Ltd 2
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1 Introduction

Salinity has been recognised as a threat to agricultural production in the Colac Otway Shire since
the first state-wide survey by the Soil Conservation Authority in the early 1950s (Cope 1958). In
recent years, the Corangamite Regional Catchment Strategy 2003 — 2008 recognises salinity as a
threat to rural and urban infrastructure in the Shire, and sets targets to protect the number of urban
dwelling allotments in the region from secondary salinity (CCMA 2003). This project is a joint
initiative between the Corangamite Catchment Management Authority and the Colac Otway Shire
aimed at managing salinity to mitigate the risk of damage to public and private assets.

In November 2000, the Council of Australian Governments announced the National Action Plan for
Salinity and Water Quality, which identifies high-priority immediate actions to address salinity in key
catchments across Australia (CoAG, 2000). The goal of the Action Plan is to motivate and enable
regional communities to use coordinated and targeted action to: prevent, stabilise and reverse
trends in dryland salinity affecting the sustainability of production, the conservation of biological
diversity and the viability of our infrastructure; and improve water quality and secure reliable
allocations for human uses, industry and the environment. This project is part-funded by the
National Action Plan and mainly focuses on using the municipal planning controls to protect the
viability of infrastructure.

Victoria’'s Salinity Management Framework - Restoring our Catchments - was released in August
2000 (NRE 2000). The framework recognises that both the geology of a region and the land-use of
a region impact on urban salinity, including the land-use practices within the towns and cities
themselves (such as over irrigation of recreation areas, gardens and lawns). Damage to built
infrastructure is recognised in the form of deterioration of roads, paths, gutters, building foundations
and utility services, as well as rising damp in buildings and salt crusting of brickwork. The key roles
and responsibilities of Local Government in implementing the framework include cooperation with
the Catchment Management Authorities, statutory land-use planning, facilitating local industry
involvement, provision of local incentives and support to salinity management groups.

The Corangamite Salinity Action Plan is the sub-strategy of the Regional Catchment Strategy that
provides the guidance for salinity management at the regional level. The Salinity Action Plan is
based on protecting catchment assets such as water quality, rural and urban infrastructure and
utilities, environmental assets, agricultural land and cultural and heritage assets from salinity
impacts. Shire assets such as roads, towns, public parks and recreation reserves are included in
the assessment and some are identified as potentially being at risk. One option for protecting the
assets from the threat of salinity is to implement appropriate controls on development through the
strategic and statutory planning schemes of the shires. These range from strategic planning of
urban and rural development through the Municipal Strategic Statements, to the inclusion of a
Salinity Management Overlay in the statutory planning schemes.

1.1 Scope of this report

This report documents the known occurrences of salinity within the boundaries of the Colac Otway
Shire using previous and recent salinity mapping reports and investigations. Methods for deriving
the maps for inclusion in the planning scheme are also documented. Although many of the
mapped saline sites are known by the author, the boundaries and the locations of all sites have not
been personally verified for this project. It is assumed that the original source information is valid
and that the data collected at the time of mapping is correct.

A discussion of the active salinity processes in the Colac Otway Shire is provided, including some
specific examples of conceptual models of the salinity processes. The majority of this information is
sourced from the published scientific literature and unpublished scientific investigations and
research documents. While every care has been taken to ensure the integrity of the source
information, guarantees cannot be provided.

Dahlhaus Environmental Geology Pty Ltd 4



Colac Otway Salinity Management Overlay: salinity occurrences and mapping

2  Salinity processes

Salinity usually refers to a significant concentration of mineral salts in soil or water as a result of
hydrological processes. Salinity accumulates through salinisation, which is the process by which
land or water becomes affected by salt. Land salinisation occurs through the accumulation of salts
in the root zone and on the soil surface, usually by the evaporation of saline groundwater from
shallow watertables. Water salinisation occurs through an increase in the concentration of salt in
the water, usually by the removal of fresh water through evaporation, harvesting or diversion.

In some landscapes the processes that cause salinity have been present for many hundreds or
thousands of years, resulting in the formation of salt lakes and salt pans that are considered
primary salinity sites. However, in many landscapes salinity processes have been induced as a
result of changed land-use or water-use, resulting in the emergence of secondary salinity. The
distinction between primary and secondary salinity is important. Primary salinity sites may include
semi-permanent or permanent saline wetlands, many of which are highly valued ecosystems or
environmental assets. By contrast, secondary salinity is rarely regarded as an asset and is
generally seen as a threatening process.

Both primary and secondary salinity can be a threat to a variety of assets. Salinity can restrict the
growth of plants in agricultural production, parks and gardens; it can destroy building foundations,
sewer pipes and road materials; and salinity can corrode water pipes and telecommunication
cables. The quality of urban water supplies can be degraded by salinity and remediation requires
expensive treatment. Environmental and recreational values of waterways, lakes and native
vegetation can also be lost through salinisation.

2.1 Groundwater Flow Systems

To a large extent the salinity processes in the Colac Otway Shire are related to groundwater
processes. Groundwater is present in all the landscapes and moves slowly through the various
geological materials, under the influence of gravity. Rainwater soaks into the ground and the
portion that is not evaporated from the soil or used by plants, continues down to recharge the
groundwater store. Groundwater slowly moves from the higher elevations to the lower parts of the
landscape where it discharges onto the ground surface as a seep or spring, or into the base of a
stream, lake or wetland. The path from recharge to discharge may be a few metres or tens of
kilometres, and the travel time may be days, months, years, decades, centuries or millennia. A
small quantity of salt is present in the initial rainwater and more is accumulated as the groundwater
travels along the torturous path through the soils and rocks.

Groundwater flow systems “...characterise similar landscapes in which similar groundwater
processes contribute to similar salinity issues, and where similar salinity management options
apply” (Coram, et al. 2001). Groundwater flow systems have been developed in the National Land
and Water Audit as a framework for dryland salinity management in Australia (NLWRA, 2001).
They are categorised into three types, according to their hydrologic response to management, viz:
local systems, intermediate systems and regional systems.

Local systems: In local systems, groundwater flows over distances of less than 5 kilometres within
the confines of surface water sub-catchments. Watertables rise rapidly and saline discharge
typically occurs within 30 to 50 years of land-use changes, such as wide-spread clearing of native
vegetation for agricultural development. These systems can respond rapidly to salinity
management practices, such as tree-planting and drainage, and provide opportunities to mitigate
salinity at the property-scale. Conversely, the impact of large-scale developments that change the
landscape hydrology, such as those which involve irrigation, watering parks and gardens, creating
impervious surfaces, etc., within the boundaries of these local flow systems may initiate secondary
salinity or adversely affect primary salinity assets. A risk assessment of the impact of the changed
water balance to both the development and the surrounding environment should be considered in
the planning of such developments.

Dahlhaus Environmental Geology Pty Ltd 5



Colac Otway Salinity Management Overlay: salinity occurrences and mapping

Intermediate systems: In intermediate systems groundwater flows over distances of 5 to 30
kilometres and may occur across sub-catchment boundaries. These systems have a greater
storage capacity and generally higher permeability than local systems and take longer to ‘fill
following increased recharge. Increased discharge typically occurs within 50 to 100 years of
widespread land-use change, such as the clearing native vegetation for agriculture. The larger
extent and slower response of these systems presents greater challenges for salinity management.

Regional systems: Groundwater flow occurs over distances exceeding 50 kilometres at the scale
of river basins. Regional systems have a high storage capacity and permeability and they take
much longer to develop increased groundwater discharge than local or intermediate flow systems —
probably more than 100 years after widespread land-use changes. The scale of regional systems
makes property-based groundwater management options ineffective and these systems would
require widespread community action and major land-use changes to impact on the water and salt
balance. Effective salinity management in regional systems is limited to the management of saline
groundwater discharge areas using vegetation and/or drainage to limit its extent.

Seventeen groundwater flow systems were delineated in the Corangamite region by consensus of
opinion reached at a three-day workshop with regional experts. These are documented in a report
which includes management options for each system (Dahlhaus et al., 2002). This first attempt at
delineating the groundwater flow systems is a useful tool for salinity management, although
subsequent projects will develop three-dimensional hydrostratigraphic models.

Groundwater flow systems

Local systems
Quaternary sediments
Maiton Scoria cones and stony rises
I Highlands gravel caps
Heytesbury marl
] Gerangamete marls
“Werr) |l Otway Group - Barrabool Hills
Bl Granitic rocks
Il Older volcanics
Otway Group - Otway Ranges

< is ore)

Crassy

*Beeac

i Intermediate systems
Li'&@c@m@mw Pliocene sands

Wiridljil Gravels

Palaeozoic sedimentary rocks
I Central Highlands volcanics

ek
—

Regional systems

Volcanic plains basalt
—— Deep Leads
Il Port Campbell Limestone
50 Dilwyn Formation

kilometres

Figure 2.1 Groundwater flow systems in the Corangamite region
(Source: Dahlhaus et al. 2002)

2.2 Conceptual salinity models

Although groundwater flow systems characterise similar landscapes in which similar groundwater
processes contribute to similar salinity issues, the process that causes salinity at any particular
point in the landscape is quite unique. Understanding exactly why salinity occurs where it does
requires the conceptualisation of a model based on an understanding of the geology, hydrology
and land-use at that particular location. Within the Colac Otway Shire, a number of salinity process
models have been conceptualised and documented in various studies. Two examples — Colac and
the salt lakes — are provided to emphasise the importance of the conceptual models.

Dahlhaus Environmental Geology Pty Ltd 6
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221 Colac area
One salinity threat is the urban
encroachment of the City of
Colac into saline areas and the
encroachment of saline discharge
areas into the City of Colac.
Although there has been little
expansion of the area of land
salinity since the mapping was
undertaken (1976), the City of
Colac is more rapidly expanding
into the saline areas. Based on
this urban growth, it appears that
any further subdivision of the
rural-urban zone in these areas
would threaten buildings, roads
and services with damage due to
salinity.

Figure 2.2 Salinity encroaching
into the City of Colac

(Salinity is shown by the black
polygons)

The salinity south of Colac is regarded as secondary, caused by the changes to the water and salt
balances associated with land use change over the past 100 years or so. In this area the
hydrogeology is complex, with local and intermediate groundwater flow systems overlying regional
systems. One deep bore (# 56055) in the centre of the City of Colac monitors the confined aquifer
of the regional system of the Dilwyn Formation (or equivalent). This bore has artesian pressures
which show a rising trend of about 1.2 metres over the past 15 years (Figure 2.3). Although the
aquifer being monitored is 330 metres deep, the positive groundwater pressures maintain the
groundwater storage in the overlying confining beds, and they are saturated to the near-surface.
The slightly salty groundwater in these shallow local aquifers is unable to percolate downwards and
moves laterally to discharge sites where the salt is concentrated by evaporation.
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Figure 2.3 Pressures in a deep bore in the centre of Colac.

(the groundwater head varies between 14 and 17 metres above ground level)

Protecting the urban infrastructure assets south of Colac certainly requires engineering and
planning intervention. The construction of surface drains and retro-fitting existing subdivisions in
saline areas with improved storm water management are short-term management requirements.
In the longer term, reclaiming land from urban development (avoidance) and salinity mitigation
measures as part of future developments are required solutions (Nicholson et al 2006).

Dahlhaus Environmental Geology Pty Ltd 7
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2.2.2 The salt lakes

The primary saline lakes and wetlands in the Colac Otway Shire are listed among Australia’s
greatest environmental assets. However, Lake Corangamite and adjoining lakes and
wetlands in the Colac Otway Shire are widely recognised (in both national and international
forums) as threatened ecosystems. Lake Corangamite, Lake Martin, Cundare Pool, the
Upper, Middle and Lower Lough Calvert and Lake Thurrumbong have all been listed as
Australian wetlands of national and international importance with threatened water regimes
(Davis et al. 2001), and the Western District lakes have been recognised as important
Australian groundwater dependent ecosystems with a high threat (SKM 2001).

The majority of the saline lakes are groundwater dependent and the geomorphic and historical
records suggest that their salinity has been fluctuating in response to climate change for thousands
of years (Dahlhaus & Cox 2005). Some lakes, such as Lake Beeac are regarded as groundwater
discharge lakes with hypersaline environments (average salinity ~ 92,000 mg/l) (Coram, et al.
1998). Lake Corangamite is a terminal lake for both surface water and groundwater and many
research and investigation projects have examined the hydrological processes. Four groundwater
flow systems occur in the area — Quaternary alluvium and Stony Rises (both local), Pliocene Sands
(intermediate) and Volcanic Plains basalt (regional). The vast majority of the saline groundwater is
stored in and moves through the regional flow system of the Volcanic Plains basalt (Dahlhaus
2003).

Although these lakes have been salt lakes for thousands of years, more recent changes to land-
use and water-use has accelerated the natural changes in the salinity that fluctuate with the
climate. For Lake Corangamite, the opening of the Woady Yaloak diversion scheme in 1959 is
believed to have significantly and dramatically altered the rate of salt accumulation. The change in
the lake ecology has resulted in a dramatic drop in the abundance and numbers of bird
species using the lake to the point where its international status (Ramsar listing) is now
threatened (Williams 1995). This threat has been long recognised by the managers of the lake
and recommendations for a phased closure of the diversion scheme are currently being
considered by the Department of Sustainability and Environment and the Corangamite
Catchment Management Authority.

The protection of groundwater springs and groundwater inflows to the lakes and wetlands requires
management of groundwater consumption, especially in the Warrion Groundwater Management
Area (GMA). Recent research based on hydrologic budget calculations provides strong evidence
that the increasing extraction of groundwater from the Warrion Groundwater Management Area
was responsible for the drying of a number of saline lakes at Red Rock, near Alvie (Adler &
Lawrence 2004).

The current conditions suggests that the salinity trend in groundwater discharge lakes such as Lake
Beeac and Lake Cundare will remain dependent on climate influences and groundwater extraction
lowering watertables. The limited groundwater hydrograph information suggesting steady to slowly
falling trends indicates that that these lakes will slowly increase in their frequency of low levels and
dry periods which will slowly increase salinity through evaporation. Falling groundwater levels may
significantly reduce wetland water levels and dry out groundwater dependent ecosystems within a
50 to 100 year time frame.

Figure 2.4 Lake Beeac, a groundwater dependent salt lake with international status.

Dahlhaus Environmental Geology Pty Ltd 8
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3  Salinity mapping

There are 539 mapped salinity sites in the Colac Otway Shire, ranging in size from 658 hectares to
85 square metres. The average size is 19 hectares. The majority of the salinity occurs in saline
wetlands, accounting for 55% of the total of 10,252 hectares. The remaining 45% of land salinity is
almost evenly divided between dominantly primary (20% total) and dominantly secondary (25% of
total) (Figure 3.1, Table 3.1). However, secondary salinity is far more numerous in the number of
sites, as the average size of mapped sites is 12 hectares compared to 25 hectares for the average
primary site.

Primary Secondary Saline wetland
Number Area (ha) Number Area (ha) Number Area (ha)
83 2081 220 2576 236 5595

Table 3.1 Types of mapped salinity in the Colac Otway Shire

The salinity mapping has been derived from several sources. The main source has been the
salinity mapping undertaken by the Department of Primary Industries specifically for this project,
which has been documented separately (Miller et al. 2006). This was combined with other known
salinity mapping that was assembled for the Corangamite Salinity Action Plan (Nicholson et al.
2006), which is documented in the action plan’s Background Report No. 9 (Dahlhaus et al. 2005).

The extent of the salinity is identified using a number of mapping techniques. The most commonly
used method is the identification of plant species which indicate that salinity is present in the soil.
Other signs are the nature of the soil itself, and any indications of salt efflorescence at the surface.
Most sites have been mapped by ground surveys using GPS (global positioning systems), aerial
photographs and maps to accurately locate the salinity. However, more remote sites have been
mapped using only aerial photographs. At a few sites where more intensive research has been
undertaken (eg. Gerangamete & Beeac) geophysical methods, boreholes and soil tests have been
used. A comprehensive guide to salinity mapping methods has been published by the Natural
Resource Management Ministerial Council (Spies & Woodgate 2005).

Figure 3.2 An example of secondary salinity at Gerangamete.

Similar to the Colac area, the local system at this site is pressurised by the deeper regional
systems. Attempts to control salinity at this site have had mixed success.

Dahlhaus Environmental Geology Pty Ltd 9
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Figure 3.1 Salinity distribution in the Colac Otway Shire
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3.1 Mapping salinity as athreat to assets

To delineate areas in the Colac Otway Shire where salinity which may potentially threaten assets,
two components need to be identified:

1) The areas where there is sufficient salt present in the soil to restrict plant growth or
threaten the integrity of buildings, infrastructure and utility services. These are the areas
where salinity has been identified by the previous mapping.

2) The areas where salinity is not obvious, but may develop in a relatively short time frame or
within the design life of a development (taken as around 30 to 50 years). These are areas
where shallow saline watertables occur, and where a rise in the groundwater level may
induce salinity at the surface (or close to the surface).

Salinity potentially threatens urban development in the City of Colac, and some buildings and road
infrastructure (Miller et al. 2006). Throughout the Colac Otway Shire there are 89 occurrences of
salinity within a 50 metre buffer of a road, which amount to 73 hectares.

Approximately 53% of the mapped salinity occurs in the Public Conservation and Resource Zone,
accounting for most of the saline wetlands. Around 44% of the mapped salinity occurs in the Rural
Zone of the Shire. The remainder occurs in the other Zones as tabulated below (Table 3.2).

Planning Zone Number of intersections | Area of salinity (hectares)
Public Conservation and Resource Zone 157 5697.1

Public Park and Recreation Zone 2 3.7

Public Use Zone 1 6 242.8

Public Use Zone 4 2 1.6

Public Use Zone 5 1 0.04

Public Use Zone 6 4 2.3
Residential 1 Zone 1 0.01

Road Zone 1 20 8.1

Rural Zone 581 4712.5

Table 3.2 Occurrence of salinity by Planning Zone

The areas underlain by shallow saline watertables were determined using the relatively recent
depth-to-watertable models constructed by Sinclair Knight Merz for the Department of Sustainability
and Environment (DSE 2006). The models were provided by the Corangamite Catchment
Management Authority and the Department of Sustainability and Environment for use in this
project. The models use two techniques to estimate the depth-to-watertable in 2004 and 2050
(Peterson & Barnett 2004). A model showing the probability of a groundwater table less than two
metres deep within the Colac Otway Shire is shown in Figure 3.3.

Groundwater monitoring bores in the areas where salinity has been mapped were checked in the
Corangamite Groundwater Monitoring and Research Database (Dahlhaus et al. 2004). The
fluctuations in waterlevels over the monitoring period were assessed to indicate the likely range of
watertable depths in the future (Figure 3.4, Figure 3.5).

The monitoring record shows that the majority of groundwater levels in saline areas generally
fluctuate no more than one metre. However, there are some areas where the seasonal fluctuations
are in the order of several metres (Figure 3.5). Overall, groundwater levels have been dropping
over the past decade, probably in response to the prolonged period of below average rainfalls.

Dahlhaus Environmental Geology Pty Ltd 11
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Figure 3.4 Fluctuating waterlevels in a groundwater monitoring bore at Beeac (#4601)
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Figure 3.5 Fluctuating waterlevels in a groundwater monitoring bore at Larpent (#4277)

3.1.1 Drawing the SMO boundaries

Areas where salinity potentially threatens assets are those which are included in the Colac Otway
Shire SMO. The SMO polygons were delineated using the currently mapped salinity and a buffer
area around the salinity to accommodate a one metre rise in the groundwater table. The
assumption that there would be no more than a one metre rise in the watertable over the life of this
version of the SMO (assumed to be 30 years) is based on the groundwater monitoring record.

Since the area affected by a one metre rise in the groundwater levels is proportional to the terrain
slope (Figure 3.6), the buffer area was constructed using the following ‘rules’:

. a 100 metre buffer was applied to the proportion of the mapped salinity polygons which
occur on terrain slopes of less than 2% (i.e. less than 1 in 50);

. a 50 metre buffer for the proportion of mapped salinity polygons lying on slopes of between
2% (1 in 50) and 4% slope (1 in 25);

. a 25 metre buffer was applied to the proportion of mapped salinity polygons on slopes of
between 4% (1 in 25) and 10% (1 in 10);

. a 10 metre buffer applied to the proportion of salinity polygons lying on slopes of between
10% (1 in 10) and 20% (1 in 5); and

. no buffer applied to the proportion of salinity polygons on slopes greater than 20%.

The buffers around the mapped salinity polygons were then combined, and enclosed with a 10
metre buffer, which is the basis of the SMO polygons. The nodes of the SMO polygons were
thinned and generalised (3-node co-linear deviation = 5 metre; node separation = 5 metres), and
the polygon boundaries smoothed. The combined dataset was then disaggregated into individual
polygons. Where polygons were separated by short distances (<25 metres) the polygons were
manually coalesced based on an interpretation of likely groundwater behaviour.

Areas of the SMO data outside a one kilometre buffer around the Colac Otway Shire boundary
were erased from the SMO data set. The data was then sent to the Department of Sustainability
and Environment for preparation of the standard Planning Scheme maps.
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Colac Otway Shire
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Depth to watertable is modelled using grid cells of 100 metres by 100 metres.
Modelling by Sinclair Knight Merz (2004).
"Benchmarling YWater Tables and Trends in Victorian MAP regions” - draft report, DSE (2008)
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Figure 3.3 2004 Probability Map of a groundwater table less than two metres deep
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The SMO boundary is generally regarded as accurate at a map scale of 1:25,000, based on the
based on the accuracy of the input data (salinity polygons, wetlands and Digital Elevation Model
from which the slope contours were generated). Use of the data beyond the scale of 1:25,000
should consider the limitations of the original data sets, the imprecision in mapping land salinity
boundaries, and the limitations of the input data sets.

metres

Figure 3.6 An example of the SMO boundary, north of Murroon.

(The mapped salinity is shown in yellow and the SMO boundary is shown in grey. The variable buffer distance is related to
the terrain slope).

The following limitations of the SMO mapping are recognised:
. Limitations of the input data sets are:

Salinity data: Some saline sites have not been mapped. Despite a comprehensive effort to
identify all known and mapped salinity sites, there will be some salinity sites that have
not been identified. It is likely, however, that these will be in the same general locality
as mapped areas. New salinity sites will emerge as the climatic and land-use
changes will continue to change the hydrology and salt balance.

Wetland data: Some wetlands may not be recognised in the Department of Sustainability
and Environment data layer used, i.e. the Corrick wetland 1994 data layer.
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Slope data: The slope data was generated from the Digital Elevation Model (DEM)
constructed from the 1:25,000 topographic contours (10 metre interval), and
hydrologically enforced. The DEM data has been verified and checked against the
spot heights. However, the limitations of the original contour mapping needs to be
considered in the boundaries of the buffers applied to the mapped salinity polygons.

. The assumption in the buffers around the mapped salinity is that the groundwater will not
rise by more than one metre in the mapped SMO areas over the life of this version of the
SMO. This assumption is based on the bore hydrographs over the past twenty years.
However, a run of above average wet years may cause the conditions to change and the
salinity may breach the boundaries of the SMO.

. The assumption in buffering the salinity on low angled slopes (i.e. <2%) is that the mapped
salinity will not extend by more than 100 metres over the life of this version of the SMO. This
is based on observations and monitoring over the past 30 years. However, an extended
period of above average rainfall or changes to the surface or subsurface drainage
surrounding the saline areas may cause the salinity to extend beyond the SMO boundary.

3.2 Mapping salinity as an environmental asset

Some mapped saline areas are naturally occurring primary salinity sites which may retain
halophytic plants and rare or threatened species associated with the evolution of these ‘island
ecosystems’ of saline discharge over the past centuries. The most obvious examples are the semi-
permanent and permanent saline wetlands.

To delineate areas in the Colac Otway Shire where salinity may potentially be an environmental
asset, two components need to be identified:

1) The areas where the mapped salinity has been identified as primary in origin and which
may retain some environmental value. These are the areas where semi-permanent and
permanent saline wetlands have been identified and areas adjacent to them which are
regarded as dominantly primary salinity sites.

2) The areas surrounding the primary saline sites in which inappropriate development may
threaten the integrity of the environmental asset. These are areas where shallow saline
watertables occur, and where a lowering of the groundwater level (for example, through
tree planting) or disposal of fresh water (storm water, for example) may potentially destroy
the environmental values.

In the Colac Otway Shire, a number of the primary salinity wetlands and lakes are already covered
in the Schedule 2 to the Environmental Significance Overlay (ESO2) of the Colac Otway Shire
Planning Scheme. The ESO?2 lists 32 locations where one of the environmental objectives to be
achieved is listed as the protection of the quality of water entering the lakes and wetlands.
However, in some cases the shallow saline groundwater surrounding these lakes and wetlands
may be under threat by inappropriate development which may lower the watertables and dry out
the environmental asset. In other cases, the small ephemeral saline wetlands not covered in
ESO2, particularly in the stony rise landscapes around Dreeite, Cundare North and Wool Wool
may have high environmental values still preserved.

The extent of the current ESO2 is shown by the grey polygons on Figure 3.7. The additional areas
shown as green polygons (on Figure 3.7) are delineated as potential primary salinity environmental
assets and it is recommended that they are further investigated to determine their suitability for
inclusion in the Environmental Significance Overlay (ESO2).

The delineation of the areas is only approximate as the exact boundary would be refined by the
assessors at the time of their investigation. A broad range of potential threats such as drainage,
pest plants and animals, and recreation access, would be considered in the boundary.
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Figure 3.7 Primary salinity sites which are potential environmental assets.

The extent of the current ESO2 is shown by the grey polygons. The green polygons represent areas which are
potential primary saline assets and should be further investigated for inclusion in ESO2.
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3.3 Mapping areas where land-use can change salinity

Where local groundwater flow systems are present in the Colac Otway Shire there is the potential
for certain land-uses to change the hydrology of the landscape such that groundwater levels could
respond within five to thirty years. However, the occurrence of salinity at any particular site is
dependent on the local landscape parameters, such as the geology, terrain, soils, site hydrology,
micro-climate, land management and environmental history. Therefore mapping the potential
areas where land-use may impact on existing salinity, or initiate new salinity outbreaks, is only
possible at a regional scale (1:100,000 scale), as predicting the interaction of the landscape factors
with groundwater flow systems is an inexact science at the site-scale.

In the Colac Otway Shire there are six local groundwater flow systems (Figure 3.8), two of which —
the Otway Group — Otway Ranges system and the Older Volcanics system — are not major
influences in salinity processes (Dahlhaus et al. 2002). In addition, one of the intermediate flow
systems — the Pliocene sands — may behave as local systems if they occur as isolated outcrops or
in deeply dissected land-scapes where local flow cells may develop. The majority of the smaller
salinity sites occur in these five flow systems.

Broad areas have been delineated in which there is potential for land-use to rapidly change the
hydrology in these five groundwater flow systems (Figure 3.9). The areas are based on the
groundwater flow systems, mapped salinity and probability of shallow watertables being present.
These areas are provided to the Colac Otway Shire for inclusion within the Municipal Strategic
Statement (MSS) to highlight the issue of potential salinity hazard and for further strategic planning
consideration in the next revision of their MSS.

In these areas, certain land-uses may impact on the groundwater hydrology by increasing
recharge, causing watertables to rise and exacerbate or initiate salinity. Such land-uses include,
but are not limited to:

. broad-scale irrigation schemes

. the construction of large lakes, lagoons, tailing ponds, etc.

. urban sub-division that includes extensive gardens and parks (that require watering)
. irrigated recreational areas such as golf-courses and sporting fields

. diversion of waterways, or construction of channels

. widespread permanent clearing of native vegetation or tree plantations

Land-uses such as the above would require long-term predictive water-balance studies to ensure
that the on-site or off-site salinity impacts were considered before development occurs.
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Figure 3.8 Groundwater flow systems in the Colac Otway Shire
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Figure 3.9 General areas where land-use that changes the hydrology may impact on salinity
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Appendix A Maps (on CD)

1. SMO maps prepared for Colac Otway Shire Planning Amendment No. C48
2. Suggested areas for possible inclusion in the Colac Otway Shire ESO

3. Suggested areas for inclusion in the Colac Otway Shire MSS

Dahlhaus Environmental Geology Pty Ltd




