-

Gippsland
. Groundwater

Atlas

©) gouthem

Managing Water. Serving Communities.



Southem
Rural Water

iging Wl Bedny Ceamrreriian

Published by Southern Rural Water

October 2012

No part may be reproduced by any process except in accordance with the provisions of the Copyright Act 1968.
Autharised by Southern Rural Water, 88 Johnson St, Maffra, Victoria

Printed by Mac ‘n’ Me Graphics Pty Ltd

ISBN 978-0-9758420-8-9

For more information please visit www.srw.com.au or phone 1300 139 510.

Disclaimer:

Any views or opinions expressed in this publication are solely those of the author and do not necessarily represent those
of Southern Rural Water.

Southern Rural Water does not warrant or represent that the information in this publication is free from errors or
omissions or is suitable for your intended use. The information within this publication is pravided on the basis that all
persons accessing it undertake responsibility for assessing the relevance, accuracy and currency of its content and that
they seek independent advice hefore acting on any information in this publication where appropriate. It should not be
relied upon as statements or representations of fact.

Subject to any terms implied by law and which cannot be excluded, Southern Rural Water accepts no respansibility for
any loss, damage, cost or expense (whether direct , indirect or consequential ) incurred by you as a result of any error,
omission or misrepresentation in any information in this publication.



Gippsland

Groundwater Atlas

Sely J191empunoly) puejsddiy




Foreword

Groundwater is a valuable resource hut its great potential is hidden. It is complex, often described in unfamiliar technical language and hard to visualise. This atlas provides information in words and graphics
that readers can understand to help them develop their knowledge of this vital water resource.

The atlas describes the groundwater resources in the Gippsland region of Victoria: how much there is, where it is, how deep and thick it is, what it could be used for and how it is used now. We have presented
the information as clearly as possible. It does not aim to be fully comprehensive, technically unchallengeable or academic. The maps are helpful for guidance on a regional scale but not suitable for making
commercial degisions at a property level.

In developing the atlas we drew information from a range of sources: the collective understanding of our staff, agencies, industry experts and groundwater users in the region, and from key technical reports,
maps and data. Importantly, the foundation for this work was the ability to describe the basic dimensions of aquifers. This was enabled through three-dimensional groundwater mapping developed by
Southern Rural Water for its region. Combined with time series information including groundwater levels, usage and licences, we have a powerful way to present our knowledge.

Cn behalf of the Board | thank all members of the project team for their exhaustive efforts. General Manager Graham Hawlke initiated and provided leadership to the project. Penny Winbanks managed
the project and co-authored the atlas along with our team of hydrogeologists: Terry Flynn (technical leaden), Elissa McNamara (main author), Liam Murphy (data and mapping} and Eleanor Underwood
(stakeholder reference group chair and consultation). We also appreciate the expertise of Spatial Vision who produced this publication.

This publication adds to the South West Victoria Groundwater Atlas completed by Southern Rural Water in 2011, | hope that our work will contribute to conversations that influence the way groundwater
information is described and communicated on a national scale.
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Glossary, units and links
I

A layer of fractured rock, gravel, sand or limestone below the ground that is porous enough EC
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Aquifer Electrical Conductivity (a measure of salinity)
to hold groundwater and allow it to flow
P A layer of rock or clay that may hold some groundwater but is not porous enough to allow it GL Gigalitre or a billion litres
to flow significantly L/s Litres per second {used to measure yield)
Baseflows The component of streamflow supplied by groundwater discharge mAHD Metres above sea level (Australian Height Datum)
S e mg/L Milligrams per litre {used to measure TDS)
Coal Seam Gas (CSG) A form of natural gas {methane) found in coal seams ML Megalitre or million litres
Dairy wash Water used to wash down farm dairies ML/yr Megalitres per year
Desalination Removing salt from water sources - often for drinking purposes -
mm/yr Millimetres per year
Dewaterin The process of removing water from an aquifer to gain access to minerals and ener;
g P g 2 & & pS/cm Microsiemens per centimetre {used to measure EC)
Domestic and stock Water used in households and for animals/stock
/ TDS Total Dissolved Solids (a measure of salinity)

DPI

DSE

Entitlement

EPA
Evapotranspiration
Geothermal energy

Groundwater

Groundwater dependent ecosystem
(GDE)

Groundwater elevation
Groundwater management area (GMA)

Groundwater management unit (GMU)

Managed aquifer recharge (MAR)

Permissible consumptive volume (PCV)

Recharge (groundwater)

Land salinisation
Southern Rural Water (SRW)

Stygofauna

Department of Primary Industries

Department of Sustainability & Environment

The total amount of groundwater authorised to be taken each year under a groundwater
licence

Environment Protection Authority

The loss of water to the atmosphere by the combined processes of evaporation from soils
and transpiration through plants

The natural heat found within the earth

Groundwater is water that is found under the ground. It is stored in and can flow through
layers known as aquifers

Ecosystems such as wetlands, streams, estuaries or vegetation that rely totally or in part on
groundwater to provide water

The height of groundwater relative to sea level (measured in mAHD)
Discrete area where groundwater resources are suitable for commercial purposes

A droundwater management area or water supply protection area

The purposeful and actively managed recharge of water to aquifers for subsequent recovery
and use or environmental benefit

The volume of water permitted to be allocated. Previously known as Permissible annual
volume

The process where water moves downward from surface water to groundwater due to
rainfall infiltration, seepage or leakage

The process of soluble salts accumulating in soil through evaporation of high watertables
Rural Water Corporation of southern Victoria

Fauna that live within groundwater systems such as caves and aquifers

Climate

Groundwater entitlements
Groundwater dependent ecosystems
Groundwater data

Groundwater mapping

Groundwater monitoring

Groundwater/surface water interaction
Land use

Licensing enquiries

Minerals and energy

Gippsland Region Sustainable Water
Strategy

Secure Allocation Future Entitlements

Understanding groundwater

www.bom.gov.au/climate

www.waterregister.vic.gov.au

www.nwc.gov.au/water-for-the-environment/ groundwater-dependent-ecosystems

www.bom.gov.au/water/groundwater/gde
www.vicwaterdata.net/vicwaterdata

WWW.Srw.com.au
www.water.vic.gov.au

Www.Srw.com.au

www.water.vic.gov.au/monitoring/monthly/groundwater_levels

www.nwe.gov.au/groundwater/connectivity
www.dpi.vic.gov.au/vro

WWW.SIrw.com.au

www.dpi.vic.gov.au/earth-resources

www.water.vic.gov.au/programs/sws/gippsland

www.water.vic.gov.au/environment/groundwater/management/secure-allocations,-

future-entitlements

www.nwe.gov.au/groundwater
WWW.LSES.Z0V

www.water.vic.gov.au/environment/groundwater/news-and-info

WWW.Srw.com.au

Using and managing groundwater

Subsidence The compression of soils caused by a loss of groundwater pressure

www.water.vic.gov.au/environment/groundwater/management
www.epa.vic.gov.au/your-environment/water/protecting-victorias-waters
www.nhmrc.gov.au/guidelines/publications/ehb2
www.environment.gov.au/water/ policy-programs/nwgms

Unincorporated area Areas outside groundwater management units
Water quality

An area declared under the Water Act to protect groundwater and/or surface water

Water supply protection area (WSPA
slbl oW ) resources in the area

Water table The top of the groundwater surface {or saturated zone)




Chapter 1.: Introduction

Groundwater is not an easily understood resource. Building knowledge about groundwater is important because all water resources are
valuable. Informed discussion relies on a hase of reliable information.

This atlas describes our understanding of groundwater in Gippsland. The information is based on aguifer mapping, groundwater licence
information and the collective knowledge of a stakeholder reference group, verified and enriched through public consultation.

This chapter introduces the study area, assumptions that underpin the atlas, commonly asked questions and basic groundwater terms.

In this chapter you can find information on;

Gippsland region Introduces the landscape and climate of the Gippsland region 6,7
Reading guide Qutlines the structure, basic assumpations, some quick reference questions that you can use as a guide 8,9
Understanding groundwater Explains groundwater theory and concepts at a basic level 10

Using and managing groundwater Provides baé.kg_ro'u-nd on the importance of groundwater and how it is used and managed 11
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Gippsland region

Victoria’'s Gippsland region is the area south of the
Great Dividing Range stretching from the Latrobe River
catchment and Strzelecki Ranges east to the New South
Wales border.

Landscape

The landscape is highly varied. The northern half is dominated by forested river
valleys and mountains in the Great Dividing Range. The Latrobe, Thomson,
Macalister, Avon, Mitchell, Tambo and Snowy Rivers rise in these ranges and flow
to the south and south east across the plains to the Gippsland Lakes and Bass
Strait.

The Tarwin, Agnes and Tarra Rivers flow steeply from the southern face of the
Strzelecki Ranges to the coast.

Mast of East Gippsland is mountainous and wooded and is managed as a state
park. The Buchan Caves near Orbost are one of the few examples of cavernous
limestone in Gippsland.

Volcanic activity has occurred in the Strzelecki Ranges stretching from Warragul
to Thorpdale and Leongatha.

Springs are cammon in the volcanic areas and in the Great Dividing Range
across the narth.

The Gippsland Lakes form the largest estuarine lake system in Australia.
Along with Ninety Mile Beach they are majar features of the region. Dunes and
wetlands are commaon around the lakes and along the coast.
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The grasslands and eucalypts that caovered the plains prior to European
settlement have been cleared, mainly far agriculture for which the soils are
ideal. Over the past century the power industry and the construction of large
dams have had a significant impact on the landscape in the north and west.
Plantation forests accur throughout the region with the highest density occurring
in central Gippsland between Morwell, Yarram and Sale.
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Power stations of the Latrobe Valley (Maryvale paper mill in foreg




Gippsland region

Climate

The Great Dividing Range, Strzelecki Ranges and western Gippsland all receive
some of the highest rainfall in Victoria, averaging over 1,000 mm annually. This
falls as snow on the higher peaks during winter. Further east, rainfall is generally
lower, averaging 600 mm annually.

River levels can rise quickly, leaving the valleys and plains prone to flash floods.
These floods may be reduced where there are large dams. There are high levels
of evapotranspiration (an indicator of water demand from vegetation) in the
forested mountains and the irrigated areas of the plains (eg Macalister Irrigation
District and Mitchell River).

Witsons
Pramontary

Land cover (pse Landsat 2000)
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This map shows satellite imagery of the Gippsland region, the major localities, geological features, water bodies and water courses.
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Reading guide

Chapters 1, 2 and 3 introduce groundwater, geology, aquifer behaviour, groundwater management and use.

Chapters 4, 5 and 6 provide more detail for each group of aquifers in the region. Topics include:

= Geology
+ Salinity and yield

= Water balance

« Regional trends

= Movement of groundwater = Users and usage
= Environmental dependence = Current and emerging issues
User groups

Five groups of groundwater users have been identified based on their use, the type of aquifer they are mast likely to access

and the value of production (see table below for details).

Plantations {that intercept groundwater) have not been recognised as a separate user group, but these are discussed in

the atlas.

Domestic and
stock (D&S)

Agribusiness

Environment

Urban

Industry

Includes all private right D&S users in the region.

Mainly rural users, but includes some private urban
users (garden watering).

Numerous users generally extracting quite small
volumes.

Also includes public emergency water supply use.

Includes those using groundwater for more intensive
agricultural and horticultural purposes {including
irrigating vegetables or pasture, dairy-wash and other
commercial activities).

Occurs mainly in the areas between Traralgon and
Bairnsdale and around Yarram.

A smaller number of users than the D&S user group
but they use larger volumes.

Groundwater supports springs, streams, lakes,
swamps, wetlands and plants which all contribute to
the environmental value of the region.

Includes town supplies drawn from groundwater {(and
then treated) for residential, commercial and other
puUrposes.

Industries such as offshore oil and gas extraction

and coal mine dewatering for power production are
significant users, mainly around the Latrobe Valley and
in Bass Strait.

Mainly use upper and middle aquifers.

Use all aquifers.

Mainly use upper aquifers, outcropping areas
of lower aquifers or exposed basement.

Mainly use middle and lower aguifers.

Mainly use middle and lower aguifers.

Aquifer groups

For the purpose of this atlas, three groups of aquifers have been identified according to their depth and age {see table

below). Each group is colour-caoded consistently throughout the atlas.

The depth of the aquifers carresponds to the order in time in which they were formed (for example the lower aquifers were
formed first). In some cases an aguifer might occur quite close to the surface but it has been grouped with the middle
aquifers because of its geological age. The basement rock has been grouped with the lower aquifers.

The Victorian Aquifer Naming Framework groups hydrogeological units according to their geological age {see table below).

Groundwater
Management Units
(GMUs)

Aquifer and
aquitard
group

Aquifer and
aquitard
name

Geological
age

Quaternary and
upper tertiary
aquifer

Orbost, Wa De Lock, Tarwin,

Wy Yung, Denison

0.01 - 4 million
Upper
Quaternary and Years

upper tertiary
aquitard

Upper middle ;
. . Sale, Giffard
tertiary aquifer
Upper middle
tertiary aquitard 4 - 34 million
years

Middle

Rosedale, Yarram {part,
Balook Fm)

Lower middle
tertiary aquifer

Lower middle
tertiary aquitard

Lower tertiary

Leangatha, Maoe
aquifer {basalt) g

34 - 65 million

: ears
Lawer tertiary ¥

: Moe, Stratford, Yarram
aquifer

Lower

65-545 million
years

Basement

Hydrogeological unit(s)

Various guaternary deposits, Curlip Gravels

Eagle Point Sand, Boisdale Fm {(Nuntin
Clay), Haunted Hills Fm, Sale Gp, Jemmys
Pt Fm

Boisdale Fm (Wurruk Sand)

Hazelwood Fm, Yallourn Fm

Yarragon Fm, Morwell Fm/Seams, Balook
Fm, Alberton Fm/Seams, Seaspray Sands

Gippsland Limestone, Seaspray Gp, Lakes
Entrance Fm, Tambao River Fm, Giffard
Sandstane Member

Thorpdale Voleanics, Carrajung Volcanics

Latrobe Gp, Yarram Fm, Honeysuckle
Gravels, Childers Fm, Burrong Fm,
Traralgon Fm/Seam

All cretaceous and palaeozoic basement
rack

The extent of each aquifer group and GMU boundaries are shown in Chapters 4, 5 and 6 for the upper, middle and lower

aguifers respectively.
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Reading guide

How to use the atlas

Read the introductory chapters first. They will give you an overview of the basic concepts so you ¢an understand, interpret
and analyse the text, data and maps throughout the atlas.

Use the tables on page 8 to identify which user group or aquifer group you are interested in. Chapters 4, 5 and 6 provide
more detailed information on each of the three aquifer groups respectively: upper, middle and lower.

Example 1: A groundwater user is interested in the Haunted Hills Gravel unit. Using the table on page 8 they can see that
this belongs to the upper aquifer group. This aquifer group is discussed in Chapter 4.

Example 2: A groundwater user is interested in the Sale Groundwater Management Unit (GMU). Using the table on page 8
they can see that this belongs to the middle aquifer group. This aquifer group is discussed in Chapter b.

To provide readers with a starting point the tables below list some questions of interest with page references. These lists
are not exhaustive and the atlas can be used to answer many more questions.

The table below lists some commonly asked questions and page references.

Middle Lower
aquifers

Background

Where are the different aquifers? 8 40,41

How much groundwater is there? 16 31 42 43 Ha

What can | use groundwater for? 11 3l 42,43 53

How is groundwater monitored and what are the trends? 11,23 35 47 B
11 2022

How is groundwater managed? o 36 48 58

Who uses groundwater in the Gippsland region? 22 36, 3T 48, 49 58, 59

How does the energy sector use groundwater? 22,24, 25 36 48 58

The table below lists some more complex questions. The pages listed here should be used only as a starting point -
information relating to these questions can be found throughout the atlas.

Upper Middie
aguifers ‘anuifers

Background

How does groundwater replenish and move? 10, 14, 16

What impacts groundwater levels? 15 34 46 56
:::r:::eﬁrtgundwater interact with the surrounding 1017 33 45 55
What are the current and emerging issues facing 24, 25,26 37 49 50

Gippsland?
Will the groundwater in our region ever run out? 16 35, 36 47,48 57, 58

Limitations and assumptions

The groundwater mapping used in this atlas was prepared at a scale of 1:250,000. The data used to ¢reate the maps
varied in its distribution and some interpretation was required. For this reason, the data is not suitable to identify
availahility, yield or quality of groundwater at a local or property level.

The content of the atlas is based on data sourced from several organisations and Southern Rural Water does not warrant
the accuracy of the data supplied.

The licence data will change over time due to regulatory changes, water trading, unrenewed licences and data verification.

The bore construction data is sourced from the State's Groundwater Management System and is not 100% reliable.

Domestic and stock (D&S) use is estimated at 1.3 ML per known bore.
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Understanding groundwater

What is groundwater?

Groundwater is water that is found under the ground. It is stored in and can flow through layers known as aquifers.

What are aquifers and aquitards?

An aquifer is a layer of fractured rock, gravel, sand or limestone below the ground that is porous enaugh to hold
groundwater and allow it to flow. An aquitard is a layer of rock or clay that may hold some groundwater; groundwater flow is

very slow through an aquitard.

Where does groundwater come from?

Surface water from rainfall or other water bodies can recharge an aquifer. It percolates through the ground to the water
table where it is stored as groundwater. An aquifer can receive recharge directly from rainwater or streams, or indirectly
from other aquifers. Groundwater may be stared in an aquifer for a few days or thousands of years.

Where does groundwater go?

If it's close to the surface, groundwater can evaporate directly to the atmosphere or be used by vegetation
(evapotranspiration}. Where the water table intercepts the ground surface it can discharge {return to the surface) as
springs or as baseflow to surface water {springs, swamps, wetlands, lakes, rivers and creeks). Groundwater can also flow
to a neighbouring aquifer {alongside, abave or below). It can also be extracted via a bore or a well.

Rain

//1//

Recharge

Evapotranspiration

Watertable

How does groundwater move?

Groundwater movement occurs as a result of differences in groundwater levels or pressure. Water maoves through an
aquifer at a rate and volume that depends on the connections between the pares and the fractures in the soil and rock.
Compared to stream flow, groundwater may take days to thousands of years to move the same distance.

What is the difference between an unconfined and a confined aquifer?

An aguifer is unconfined when the rock and soil between the groundwater and the surface of the ground is porous. An
aquifer is confined when it is overlain by an aquitard. Groundwater in a confined aguifer can be under pressure. Artesian
water is groundwater from a confined aguifer that is under sufficient pressure to allow the water to reach the surface
without pumping. If this occurs naturally it forms a spring.

How does the environment rely on groundwater?

Many surface environments rely on groundwater to stay healthy and survive. These are known as Groundwater Dependent
Ecosystems {(GDEs). GDEs include wetlands and river baseflows that depend on groundwater flowing (discharging) to the
surface, vegetation using groundwater directly from shallow aquifers {evapotranspiration), cave ecosystems and even
animals that drink groundwater or eat vegetation sustained by groundwater.

What happens when groundwater is pumped?

When a bore is pumped, it forms a cone of influence that extends out from the bore until pumping stops or to a point
where the water being removed is in equilibrium with the water replacing it. This can result in bore interference between
neighbouring bores. This means that when a neighbour is pumping, there may not be enough water in your bore to achieve
the usual yield. Pumping may also cause direct interference with the flow of nearby springs and streams.

~q ;
| ________| |__Initial groundwater level |
Draw downT — Cone of influence
Well screens

Interception occurs when any bore uses water that may otherwise contribute to a stream baseflow or spring flow in the same
aquifer, no matter how far away. The impact may not be noticed for weeks, months ar even years and is more subdued than
interference.

When the total volume of groundwater pumped in a region is greater than the volume of recharge, regional groundwater levels
may fall. This leads to lower bore yields, higher pumping costs and a negative impact on the environment.

These concepts are described in more detail in chapter 2.



Using and managing groundwater

How important is groundwater?

Groundwater is a significant global resource. About 30% of the world’s fresh water resources is stored as graundwater
while less than 1% is stored in our streams, rivers and other surface water environments.

Global water resources Global fresh water

B65% Ice caps & Glaciers
Oceans 97%

30% Groundwater

Fresh water 3%

—— 4% Other

1% Surface water

Why is groundwater use managed?

Groundwater is not a limitless resource. Unsustainable development can result in declining groundwater levels or localised
impacts such as interference between neighbouring bores and reduced stream flows. Consequently, groundwater use is
managed to ensure its sustainability and to limit the impact on other users.

How is groundwater use managed and monitored?

Groundwater use is managed within a Groundwater Management Unit (GMU). The volume of water that can be allocated
within a GMU is known as the Permissible Consumptive Volume {PCV) - previously Permissible Annual Volume. The PCV is
determined by the Department of Sustainability and Environment. Southern Rural Water regulates individual use by issuing
licences. Most licensed groundwater use is how metered, however domestic and stock bores are not metered.

Observation bores are used to monitor groundwater levels. The information is added to a database and analysed using
hydrographs that show the fluctuations in groundwater levels over time {see example below). Water quality is tested in all
new bares and mare regularly in some observation bares.

Seasonal recovery
due to high rainfall

Stable levels - groundwater
system in equilibrium

77 /\ 77
76 76
Groundwater /5 75
height above 74 74
sea level
72 72
71 71
70 L 1 L 70
Jan-02 Apr-04 Jul-06 Gct-08 Qct-10
Reading date

Failing levels due
to low rainfall Impacts of pumping

causes seasonal low

What licences are needed to access groundwater?

A ‘works licence’ is required to canstruct, alter or decommission any bare {previously ‘bore construction licence’) to ensure
they are praperly constructed and maintained to protect aguifers from contamination.

A ‘take and use’ licence is required to extract water from a bore, well, excavation or spring for any commercial purpose,
including agribusiness, industry ar urban water supply. No ‘take and use’ licence is required to extract groundwater on a
property for stock watering or domestic purposes such as watering a kitchen garden.

What limits groundwater use?

Groundwater use is generally limited by water yield {availability), the cost of drilling and whether the water quality is
suitable for the purpose. The table below shows salinity limits for various agricultural uses.

While quality is important for urban drinking supplies and some industrial purposes it is normally treated to meet the high
standards required.

The environment has adapted to groundwater of varying salinity levels {eg some environments thrive in fresh water, some
in hypersaline water). This means that changes in salinity significantly impact the environment.

Untreated groundwater is not recommended for human consumption. The quality of groundwater should be tested before

use.

<300

300-800

800-2,500

2,500-5,800

5,800-7,500

7,500-8,500

8,500-
16,500

16,500-
25,000

»25,000

<180

180-480

480-1,500

1,500-3,480

3,480-4,500

4.500-5,100

5,100-8,900

9,900-15,000

»>15,000

Suitable for all stock.

Unsuitable for poultry.

Unsuitable for poultry and pigs.
Unsuitable for poultry and pigs.

Generally unsuitable for lambs, calves
and weaner stock.

Suitable for dry mature sheep and cattle.

Suitable anly for dry mature sheep and
cattle {note: requires caution for cattle
unaccustomed to water with this salinity
level).

Suitable for dry mature sheep and cattle.

These concepts are described in more detail in chapter 3

Suitable for most crops and soil types.

Suitable faor most crops {note: may require
increased leaching for sensitive crops).

Suitable for saome crops {note: requires
adequate leaching and may be a problem if
used on soils with restricted drainage and
salt tolerance of plants must be considered).

Suitable anly for salt tolerant craps on
permeable, well drained soils {note: requires
careful management).

Suitable only for highly salt tolerant crops

on soil with excellent drainage and leaching
potential {note: requires adequate winter
rains to ensure excess salts are leached from
the soil and requires careful management).

Generally considered too saline far any
irrigation.






Chapter 2: Aquifers and groundwater

Groundwater movement through aqguifers is driven by differences in groundwater levels or pressure and is controlled by how porous the
material is that it passes through. Groundwater quality varies greatly across an aquifer, through its profile and over time as a result of
physical and chemical processes that change the temperature, salts and minerals it conveys.

This chapter explains how some changes in groundwater movement or quality are influenced by factors that have a relatively immediate
impact and are easy to understand. While other changes are influenced by factors that have occurred at a great distance or much earlier
in time. These can be complex and difficult to understand.

Groundwater also plays an important role in sustaining environments around streams, lakes and wetlands.

In this chapter you can find information on;

Aquifer systems Describes the formations found in Gippsland, explains flow systems and shows aquifer recharge areas 14
Movement of groundwater Explains how groundwater moves and reacts to influencing factors such as rainfall 15
Groundwater characteristics Describes quality, storage, resilience and volume 16

: Explains the link between groundwater and the surface environment. This page also outlines our current
Environmental dependence i i - i i N 17
understanding of this relationship which we build on in chapters 4-6
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Aquifer systems

The aquifers in the Moe, Tarwin and Gippsland Basins
are a system of sediments and fractured rock up

to 1,500 m thick onshore (and up to 8,000 m thick
offshore) formed over the past 65 million years.

The most recent formations are the alluvial aquifers {deposited by rivers) that
occur at the surface. The older sand aquifers are deeply buried under younger
sediments. Volcanic formations occur at the surface along the Strzelecki Ranges
and Great Dividing Range and are deeply buried in the Moe Basin. The coal
seams form regional aquitards that confine the middle and lower aquifers.

Thick layers of limestone and marl occur in the east of the region that generally
behave as aquitards but in some areas are porous enough to be aquifers. Near
the basin margins all aquifers occur close to or autcrop at the surface and may
converge to act as one unit {see diagram at right).

easpray

Groundwater basins

och Sport

Aquifers are unconfined if they occur at the surface {see map below). This
means they can receive recharge directly from rainfall. If they are buried under
sediments they receive recharge by slow leakage from overlying aquifers.

Flow systems

Rainfall percolates through the surface sediments until it reaches the water
table. It then flows under gravity through local, intermediate and regional flow
systems within the aquifers.

Local flow systems have flow paths of less than 5 km. They mostly occur

in upper aguifers or the unconfined fractured rock of the lower aquifers or
basement. These aquifers respand quickly to changes in rainfall, extraction or
land use. Groundwater in a local system has a relatively short residence time
before it discharges to local streams.

Viallacoota

Key
B upper

P middie
B Lower
[ Aquitard

Basement
sses Gippsland basin

ssas NVoe basin

eses Tarwin basin

This map shows the extent of the Moe, Tarwin and Gippsland groundwater basins and where the different aguifers (upper,

middle and lower) occur at the surface {interpreted from surface geology).

Observations

Groundwater flow systems describe the movement of groundwater
within aquifers from recharge to discharge.

There are three different types of flow systems: local, intermediate
and regional. Multiple flow systems can occur within an aquifer.

Local flow systems respond quickly to changes in rainfall,
extraction or land wse; regional systems may take decades to
respond.

Upper aquifers are unconfined and receive recharge directly from
rainfall. Middle and lower aquifers are only unconfined near the
basin margin and rely mainly on leakage from an overlying aquifer
for recharge.

Intermediate flow systems have flow paths of up to 30 km and regional

flow systems flow beyond 30 km. These flow systems are likely to occur in
confined middle and lower aquifers. They react more slowly to change in rainfall,
extraction or land use than local flow systems. The impacts of change in regional
flow systems may not be seen in a lifetime.

Upper Aquifer
Middle Aquifer

Aquitard

Basin
margin

Lower Aquifer

Basement

This diagram shaows that where the lower aquifer approaches the surface it
becomes unconfined and the various aquifers converge and may act as one unit.
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Movement of groundwater

How does groundwater move?

Two factors affect how an aquifer conveys water: its hydraulic conductivity and
hydraulic gradient (see diagram below).

Hydraulic conductivity describes how easily water can move through spaces
within the aquifer. Sand aquifers tend to have a higher hydraulic conductivity
than rock aquifers.

Hydraulic gradient describes the difference in groundwater height {or pressure)
between two points. A steeper gradient results in greater pressure difference
between two paints and means that the water can move more guickly through

the aquifer.
Hydraulic
gradient
Water table
| o |
Height ——— : s
e L L e
Groundwater flow direction

How long does it take for an aquifer to respond to change?

The time it takes for an aquifer to respond to a change in rainfall, pumping or
land use can range from hours to millions of years. If the change is reversed it
can take decades for the aquifer to recover. This means that the groundwater
levels we currently observe may be the result of changes that occurred a long
time ago (eg deforestation or high rainfall periods).

How does evapotranspiration affect groundwater systems?

Evapotranspiration is the combination of transpiration {groundwater use by
vegetation) and evaporation of high water tables {eg less than 5 m fram the
surface). It is vital to the health of native landscapes and can account for mare
groundwater use than bares in some areas. In expansive flat terrain it can
significantly impact the availability and movement of groundwater. Therefore
land use is a significant factor affecting groundwater.

How does rainfall affect groundwater levels?

Unconfined upper, semi-confined middle, confined lower aguifers respond
differently to rainfall. See hydrographs below for examples of how different types
of aquifers in the region respond to rainfall.

In unconfined upper aquifers the groundwater levels mimic rainfall patterns and
there is little time delay.

In semi-canfined middle aquifers the graundwater levels mimic rainfall patterns,
but the response time is delayed and more subdued than in the upper aquifers
- this reflects the additional time it takes for the rainwater to percolate down
into the aquifer.

The confined lower aquifers are buried deep under other aguifers and aquitards
50 groundwater levels do not show a relationship with rainfall patterns. Near
the basin margin, unconfined lower aquifers have a similar response to rainfall
patterns as unconfined upper aquifers.

Other factors impacting groundwater levels

Groundwater levels in the upper aquifers in Gippsland rise and fall as they mimic
rainfall patterns. They also rise during floods caused by storms higher in the
catchment (see hydrograph below - note winter 2007) and are influenced by
seasonal pumping.

Upper aquifer behaviour (Wy Yung)

( [ Quarterly rainfall
300 K === Groundwater level 20

240

180 | 4

120

Rainfall (mm)
(|2A3] BBS an0qR Sallawl)
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G0

]
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Observations

The rate and direction of groundwater flow is driven mainly by

gravity and pressure as well as how easily water can move through
the aquifer material.

Evapotranspiration significantly impacts the availability and
movement of groundwater in expansive flat terrain.

Unconfined, semi-confined and confined aquifers respond
differently to rainfall.

Unconfined aquifers are highly responsive to rainfall. Confined
lower aquifers do not respond quickly to rainfall or changes in
climate patterns.

The middle and lower aquifers in the region are generally confined. The middle
aquifers show a delayed response to rainfall but an immediate response to
extraction {low pumping during wet seasons and high pumping during dry
seasons).

The groundwater levels in the lower confined aquifers show little short-term
change due to rainfall or local pumping. The long-term falling levels are due
to regional depressurisation of the aquifers. These issues are discussed in

Chapter 6.

Middle and lower aquifer behaviour (Sale)
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Groundwater characteristics

Quality and yield

Quality and yield are the primary measures used to make decisions about
the potential use of groundwater {although there are other factors that limit
decisions such as the cost of drilling).

Quality can vary greatly across an aquifer, through its profile and over time. This
is caused by physical and chemical processes occurring in aguifers that can
affect salinity, temperature, pH levels, heavy metals and organic substances
such as:

« Dissolved rocks and minerals being transpaorted and redeposited as
groundwater moves along the flow path;

= Evaporation from high water tables causing minerals and salts to
concentrate in groundwater;

= Changes in groundwater levels resulting in saline water being drawn into an
aquifer;

« Chemical reactions that change the chemistry of groundwater or thermal
sources such as volcanoes, hot racks or the sun heating the groundwater.

Salinity is used as an indicator of groundwater quality because it is simple to
measure and compare between sites. There are many other measures that are
impartant and need to be considered depending on the end use or purpose of
maonitoring.

Groundwater samples are taken fram all new groundwater bores and are
analysed for major ions, salinity, pH and temperature. However data is not
collected regularly from the same locations so it is difficult to show changes in
water guality aver time.

How much groundwater can we access?

The diagram to the right shows the proportion of groundwater
stored in aquifers in the region that is both accessible and suitable
far use. These aquifers receive recharge at a rate of 80,000 ML/
yr and they are being pumped at a rate of 160,000 ML/yr. This
means that averall the system is losing water causing a decline

in groundwater levels that affects users in the lower and middle
aquifers. However this decline is at a rate that only marginally
affects the huge volume in storage.

It is estimated that the volume of groundwater
stored in the aquifers in the region is 250 million ML
in the anshare part of the system and 1,600,000
million ML in the offshore part. Deep recharge is
approximately 80,000 ML/yr.

Yield measures how much {(volume) and how quickly {flow rate) groundwater
can be extracted from an aquifer. Volume and flow rate are usually greater in
aguifers where there is plenty of pore space between the aquifer material {eg
sand, gravel or fractured rock).

Storage

The storage capacity in an aquifer depends mainly on the space between
pores. This means, for example, that a sandy aquifer has more storage capacity
than a fractured basalt aquifer.

Unconfined upper aquifers are exposed at or near the ground surface and can
be quite thin with little storage. When it rains or a river floods the aquifer's pore
spaces fill guickly and this water is held in storage. When the aquifer becomes
saturated the water spills into surface drainage lines.

The behaviour of upper aguifers is seasonal. Groundwater levels can fall
substantially during a period of dry weather or increased pumping but can
recover quickly when it rains.

Recharge to middle and lower aquifers comes from leakage from overlying
upper aquifers as well as direct rainfall {where the aquifer is exposed at the
surface). Lower aquifers typically have mare storage capacity than upper
aguifers because they are generally much thicker and cover a greater area.
In deeper formations the storage volume of an aquifer can increase under
pressure. The enormous pressure in lower aguifers means that groundwater
levels can recover quickly after periods of pumping.

Taking into account water guality {salinity}, only
50% of the groundwater in storage is suitable
to use for irrigation. The amount that can be
extracted is further restricted by bore yields and
the depth of the groundwater source.

Observations

Groundwater quality and yield limit the potential uses of
groundwater.

An aquifer’s storage capacity depends on its pore space (ega
sandy aquifer has more space than a fractured rock aquifer).

The rate at which groundwater levels drop when pumping occurs

depends on how much water is stored and how quickly it moves
through the aquifer.

Unconfined upper aquifers regularly fill and spill because they
respond immediately to changes in rainfall (due to being exposed
at the surface) and their storage capacity is smaller than lower
aquifers.

The enormous pressure in lower aquifers means that groundwater
levels can recover when pumping stops.

ML/yr (twice the rate of recharge).

The volume extracted is approximately 160,000
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Environmental dependence

The environment is a major user of groundwater. The
volume used is difficult to measure but may be observed
in ecosystems that persist during dry seasons.

Groundwater Dependent Ecosystems (GDEs)

GDEs can be flora, fauna or habitats that are dependent on groundwater. They
can be grouped as:

= Surface water ecosystems that rely on groundwater discharge such as
rivers, springs, wetlands and estuaries and the aquatic flora and fauna that
depend an these ecosystems

+ Terrestrial ecosystems such as vegetation that draw on shallow groundwater
through root systems and the fauna that depends on this vegetation

= Subterranean ecosystems such as caves and pores in rocks and the flora
and fauna that inhabit these places

Levels of dependence

GDEs have varying levels of dependence an groundwater. They may be
completely dependent, highly dependent or periadically dependent.

Completely dependent systems may not survive if slight changes occur in the
groundwater they depend on, while periodically dependent systems may rely an
groundwater during dry or drought periods only.

Aquifer and stream interactions

Unconfined aquifers and streams can be closely connected. The mare an aquifer
is canfined the less likely it will be significantly connected.

Water can move in both directions between an aquifer and streams and the level
and nature of the connection can change through its profile and over time.

Interaction between aquifers and streams cannot be directly measured. Several
estimation methods exist but the results of these may differ significantly.

Water will flow from high to low according to gravity or pressure (this is discussed
on page 15).

If the water table is higher than the stream bed groundwater can discharge into
the stream. The same can occur in other surface water environments such as
lakes or wetlands {see diagram below).

Flow direction

A
Unsaturated zone //

N
== ‘Water table

Shallow aquifer

Example of a gaining stream

If the stream flow is higher than the water table, the stream can lose water to
the aquifer {(see diagram below). This may occur during a flood or if groundwater
levels drop significantly due to extraction.

Flow direction

Unsaturated

Water table R /’f
e < N T ’
— 1 —

Example of a losing stream

Water balances

Water balances describe the flow of water in and out of an aquifer. When
recharge into an aquifer exceeds discharge the water balance is positive.
Groundwater storage increases, the water table rises and streams may gain
water.

When discharge {such as pumping and evapaotranspiration) exceeds recharge
the water balance is negative. Groundwater is released from storage, the water
table falls and streams may lose water.

Observations

GDEs can be classified as surface water ecosystems, terrestrial
ecosystems or subterranean ecosystems.

Our level of understanding about the location and needs of GDEs is
improving but there is still much to discover.

The needs of the environment are considered when assessing new

licence applications.

Current level of understanding

Over the past decade our ability to identify and map potential GDEs has
improved greatly. The National Water Commission has produced a GDE atlas*
which uses satellite imagery, depth to groundwater maps, vegetation mapping
and field surveys to identify a likelihood of GDEs. Unless this infarmation has
been ground tested it is probable it includes many sites which are not GDEs.
Also, while subterranean ecosystems have not been surveyed in Gippsland, they
are likely to be found in shallow aquifers along current and prior streams.

The level of groundwater dependence is difficult to quantify. Some research has
identified a level of interaction between streams and groundwater however this

information is limited and does not pravide insight into the dependence of other
GDEs such as wetlands and vegetation.

Management

Groundwater extraction and the impact on groundwater levels is managed to
preserve discharges ta streams and wetlands that may support GDEs.

When assessing new licence applications, two key considerations are the
needs of the environment and the combined allocation of surface water and
groundwater and their level of connection.

The Gippsland Sustainable Water Strategy** states that the Department
of Sustainability and Environment will praovide ministerial guidelines to help
authorities consider the risk to GDEs when considering licensing decisions.

For more information please visit:
*GDE Atlas Website www.bom.gov.au/water/groundwater/gde/

** www.water.vic.gov.au/initiatives/sws/gippsland - Action 4.17
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Chapter 3: Management and use

The value of groundwater has risen over time as the demand for it has increased.

The Gippsland region has significant surface water storages that supply towns, industry and irrigation (eg the Macalister Irrigation
District). These supply systems are supplemented by groundwater which is vital to the overall water supply.

A large volume of groundwater is used in mining in the Latrobe Valley and Bass Strait. These industries are vital to the local, state and
national economies.

New systems of management have been introduced over time as the value of groundwater has risen and management issues have
increased.

This chapter explains how the management and use of groundwater have evolved and provides context for some of the regional issues
which will be discussed in more detail in chapters 4, 5 and 6.

In this chapter you can find information on;

, Describes the development of groundwater as a resource in Gippsland and the introduction of
Early regulation . 20
groundwater regulations

Current management Explains the current regulations and management framework 21

Shows the distribution of licences and registered bores throughout Gippsland and describes

Entitlements : 22
Groundwater Management Units

Monitoring Shows the locations of state monitoring bores throughout Gippsland 23

Groundwater management and Provides background information about the energy resources that occur in Gippsland and the od. D5

energy associated impacts ’

Groundwater protection Explains different types of groundwater pollution and how it is regulated and monitored 26

Explains the difference between reliability and security and how both impact the relative value of
The value of groundwater 27
groundwater
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Early regulation

Gippsland accounts for a significant proportion of the
total groundwater use in Victoria (this includes Bass Strait
dewatering). Close to 100 GL of groundwater is used
annually. However groundwater accounts for only a small
proportion of the total water use in Gippsland.

Victorian groundwater usage (GL/yr}

non-Gippsland 347

Gippsland 191

The topography, climate and large dams mean that Gippsland relies
predominantly on surface water.

Gippsland average annual water usage (GL/yr)
Offshore dewatering 100
Surface water 375
Melbeurne diversion 150

Groundwater 91

*The data used to produce these charts does not include estimates of small catchment dams or
domestic and stock (D&S) use

Timeline

Pre 1870s

Early 1960s

The evolution of groundwater usage

Windmills that pumped groundwater from hand-dug wells were introduced
during the 1870s. The introduction of mechanical bore construction methods
made drilling easier and gave landowners improved access to groundwater.
Later, the introduction of centrifugal ar turbine pumps meant landowners could
extract greater volumes.

During the drought in 1968 there was a greater demand for groundwater from
the expanding dairy industry and the mining industry {as a result of the need to
depressurise the Latrobe Valley mines). This lead to further increases in bore
construction and pumping.

The introduction of regulation

Groundwater regulation in Victoria was influenced by two events: the failure of
Nhill's town supply in 1967 and plunging groundwater levels near Westernport
Bay {caused by pumping) that caused concern about sea water intrusian.

The Groundwater Act was introduced in 1969. ‘Take and use’ and ‘bore
construction’ {(now known as ‘works’) licences were introduced and managed by
the Department of Mines. Groundwater bores are now administered under the
Water Act which was enacted in 1989.

Works licence - a licence to construct, alter or decommissiaon a bore for
any purpose, including D&S. This licence records the activity and ensures
construction standards are adequate.

Take and use licence - a licence to take and use groundwater for any
commercial purpose other than D&S. Unintentional water users such as the
mining, minerals and energy industry require a licence {excluding offshore
operations as they are outside the State’s contral). Indirect or diffuse users such
as the plantation industry do naot require a licence.

Late 1960s \ Late 1960s

Private rights - a landowner can take water from a bore an their property for
D&S use without requiring a take and use licence. However, they do need a
works licence to construct a bore. Private rights are not formally issued and
water use is hot metered.

Number of bores constructed in Gippsland
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This graph shows the number of licences issued to construct bores and bores
registered post-construction. The highest number of bare constructions occurred
during the 1970s and 1980s, peaking during dry weather in 1983.

The region accounts for 30% of all groundwater bores across the state.

For more information about groundwater licensing requirements please visit
www.srw.com.au
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Current management

In recent years, the regulation and management of
groundwater resources has increased. This is in response
to a greater demand for groundwater combined with
periods of low rainfall.

A cap on the allocation of licences in intensively licensed areas was introduced

in 1997. This coincided with a period of low rainfall and remaining entitlements
were in high demand.

The steep increase in licence volumes in 1996 occurred because licences were
granted to power companies in the Latrobe Valley for their mining operations
(mine dewatering has actually been occurring since the late 1960s).

Growth of licences in Gippsland
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By 2004 most bores were metered. Use is recorded at the end of each season
on 30 June. Use is typically less than 50% of the entitlement.
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The offshore oil and gas industry also withdraws a substantial volume of fluid
(oil, gas and water) from the aquifer system. This occurs outside the State’s
jurisdiction and is not directly accounted for.

Groundwater Management Units (GMUSs)

GMUs are normally established where there is a high concentration of licences.
They are defined by their depth and geographical boundaries.

A GMU can be further categorised into Water Supply Protection Areas (WSPAs)
and Groundwater Management Areas (GMAs). Unincorporated Areas (UAs)
describes any region outside a GMU.

Permissive Consumptive Volume (PCV)

All WSPAs and GMAs have an allocation cap or PCV. The PCV regulates the
volume of entitlements - it does not manage use. A PCV is a precautionary cap
which fixes the upper limit of entitlements to protect the resource.

This does not necessarily reflect a sustainable yield.

Water Supply Protection Areas (WSPAs) and Groundwater
Management Plans (GMPs)

If a WSPA is declared, a GMP must be developed. Originally GMP’s were used to
formalise metering, monitoring and trading rules within the designated area.

Now that metering is mandatory and State wide monitoring programs are in
place, in most cases it is more efficient to manage groundwater without going
through the process of initiating a WSPA and preparing a GMP. Less formal

management methods are now used such as local management rules or plans.

Observations

High stream flows and large dams have led to a lower reliance on
groundwater relative to total water use in Gippsland.

An increased demand for groundwater coinciding with dry periods
led to the introduction of regulation in 1969 and allocation caps in
1997.

Groundwater management is currently based on GMUs (covering
areas with a high concentration of licences) and PCVs (allocation
caps)-

Some activities which use groundwater occur outside the State’s
jurisdiction (such as offshore oil and gas activities).

The management of groundwater resources continues to evolve. The State has
developed three key initiatives that will help shape the future:

* The Gippsland Region Sustainable Water Strategy aims to secure water
supplies, encourage economically viable and sustainable agriculture and
protect the health of the environment.

* The Water Register stores and reports water entitlement information
(replacing an outdated paper-based system).

* The Secure Allocation, Future Entitlement project provides an aquifer-
based framework to regulate groundwater allocation and trading.

For more information on these initiatives please refer to the weblinks
provided on page 4 - Glossary, units and links.
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Entitlements

Most bores in the region are used for either domestic and

stock (D&S) or agribusiness. Industrial users including
the Latrobe Valley mines and ESSO (Longford) are
significant users of groundwater. Sale, Briagalong and
Mallacoota rely on groundwater for their town supply.

The table to the right summarises the total volumes of water allocated annually
and used in each of the aquifer groups. Another substantial user is the offshore

oil and gas industry in Bass Strait. Their use is not regulated by the State and is
not included in the table.

The map below shows the location and volume of entitlement by user group.

Aduifer group Lo Ms*A  Metered usage (MLY**%
. 57,679 67,822 23936
Middle 49,195 54,261 26,555

= PCVs listed are correct as at July 2011, Entitlements held in Unincorporated Areas are not
accounted for under the PCvs.
=% | atrobe Valley coal mines have a combined licence volume of 36,870 ML

= Aysrage metered use from 2004-11 (does not include D&S bores)
Note: Offshore fluid usage (oil, gas and groundwater) is approximately 100,000 ML/w.
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Groundwater licences and volumes

Observations

* Most groundwater development occurs along the river valleys in
the northern half of the Gippsland Basin.

The Macalister Irrigation District, situated along the Thomson,

Macalister and Avon Rivers, has the highest concentration of
licences.

Registered D&S bores are assumed to use approximately 9,000
ML per year.

Registered bores 2012

The map above shows all registered groundwater bores, including D&S bores.
There are an estimated 6,975 D&S bores in the region with each assumed to
use 1.3 ML/yr.
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Monitoring

State Observation Bores are concentrated in GMUs but their
spacing is not proportional to the licence volumes.

Across the region, there are 168 observation bores that Additional groundwater data is collected for mineral, oil and gas exploration
form part of the State Observation Bore Network (SOBN), ~ Pureosesfrom numerous investigation bores.
The state government maintains these hores and uses Data is also collected from bore logs, pumping tests, weather stations and Observation bores are used to measure groundwater levels and

them to monitor grou ndwater levels a nd, in some cases, stream gauges. Along with metered usage data, this can be used to help salinity to help responsibly manage the use of groundwater.
- Iinity understand the extent, condition and behaviour of groundwater.

. . A large amount of data is collected from bores not in the SOBN.
Groundwater level and salinity data is collected either monthly or quarterly and GMU boundaries

reviewed on a regular basis to assess trends.

There are 12 declared GMUs in the region. GMUs are defined by their depth and

A large amount of data is also collected from bores that are not part of the geographical boundaries. This means that there may be more than one GMU

SCBN. The Latrobe Valley mines operate a monitoring bore and subsidence in an area. For example, Stratford GMU is very deep and is overlain by Rosedale

measurement network of about 180 sites in the Rosedale and Stratford GMUs. and Wa De Lock GMUs. The table below lists the number of observation bores that measure

The West Gippsland Catchment Management Authority operates a salinity bore groundwater levels and salinity in specific GMUs. The colour coding represents

The map below shows the total area defined by all GMUs and the location of

. . . ohservation bores (for individual GMU boundaries see pages 30, 40-41 and 52).
important for managing Denison and Wa De Lock GMUs. Unincorporated areas (purple) can occur in any aquifer group outside the

designated GMU's.

network in the Lake Wellington catchment with 155 bores. These bores are the different aquifer groups — upper (green), middie (orange) and lower (blue).

Number of observation bores

W
=
Q
=
Q
0o,
D
=
D
S
(o o
Q
=
o
c
®
@

oDaigo Orbost & 5
8 Bucharn _ _ :
. ; Tarwin 2 0
alicola . eCann River * Mallacoota

whiwiisn @ag Orbost Wa De Lock 5 4
e, ¢ ' ' '

o o ~ -'-@ shlario : . .
shloojes Maffre;' i .Ba|rn5dale Siafes ERiterice Wy Yung 21 2

Heyfielde o ® Suradrord ® 0o & N
e~ o ot Giffard 6 2
D @ o g J“galﬁ

warragfs 8 o guoe 0 ieie e o Rosedal 8 0

Tadeigare 02 oTrfkalgon T b Rosedale

I\gor_\“ell @

Mirboe 'CI_j.ufchlll a L] Sale 24 2

Korumburrag - Northa S & ®Seaspray | . -
_._‘!_eongatha e e i il:snngath'a- 49 0

‘Fé:rxam @ 4 StZe Observation Bore Network |
Wonthaggis L ' 11 )
58 InverIOChFoster' ' - ® Upper aquifer bore location e i U
@ Middle aguifer bore location Stratford 17 0
@ @ Lower aguifer bore location
© Unincoporated area bore location Yarram 19
Combined GMU boundarias - - )
Unincorporated areas 46 0
G roundwater Observation bores and G M US # Note: there are no State Observation Bores in Denison

This map illustrates the location of State observation bores and the combined boundaries of all GMUSs (i.e. the area under
active management)
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Groundwater management and energy

Since the 1960s energy resources in the Gippsland Basin  Until the late 1960s black coal fields were mined in the south west of seams hundreds of metres thick near the ground surface. Electricity generation
have contributed signiﬂcantly to the state and national G|pp§|and. Black t?oal oceurs at grgater depths, has much smaller reselrves Iusmlg browrl‘l coal produces more carbon emissions than black coal becfause of
ssbhomy. ThebasR coRtains Atratadinglly mBeriant and is at greater risk of gas explosion than brown coal. It has lower moisture its high moisture content (about 85%). Carbon capture and storage projects to
G) Y. I_ I g_l ¥ U content (5-10%) than brown coal, 50 is more efficient and produces less carbon manage the emissions are being tested. An example is geosequestration where
m reserves of coal, oil and gas. Accessmg these resources emissions. Black coal was originally mined for use in steam locomotives, carbon gases are injected deep underground (>800 metres).
: uses approximately 100 GL of groundwater per year. however since the introduction of electric engines the need has diminished. Coal st gas (ethaTa devElopent S BeTE explbret TGS s St aeas
. . . . . The brown coal deposits in the Latrobe Valley are the largest of their type in the of approximately 800 metres. Some processes may inject substances into
u Coal is a fossil fuel formed by the decomposition of plants in swampy or low-lying ; ; ; ;
. world. The total area of coal reserve covers 55,000 hectares. The coal occurs in coal seams (fraccing) to improve gas extraction. Gas may also be produced by
areas. Peat, brown coal and black coal are the progressively mature products of . .
C o burning the coal seam. The low methane content in brown coal, compared to
HiEROGEsS: black coal, presents technical challenges.
m Qil, gas and water all occur as fluids under pressure approximately 2,000
o metres below sea level in the offshore part of the Gippsland Basin aquifers.
C Reservoirs have formed where the oil and gas is trapped. The current reserves
of Bass Strait oil and gas are expected to continue for several decades and
q) exploration is under way into deeper formations to find new reservoirs.
E Geothermal energy exploration for deep groundwater (>1,000 metres) warmer
than 70°C, is under way in the basement formations that underlie the coal
G) bearing sediments. The heat in the deep rocks can be brought to the surface
‘QD : by water pumped up from the basement rock or by circulating water from the
m *Swifts Craek = . surface through the rock back to the surface.
s : sDaigo X% ; : N Regulation
" * Buchan ®
m : : : 4 Exploration and production within Victoria's state boundary (including three
oL : g *# Mallacoota nautical miles offshore) is licensed by the State through the Department of
E eBruthen «Orbost Primary Industries (DPI). Most of the Gippsland Basin is covered by exploration
: _ ——m -._%i_rnsdale aldarlo licences for coal, gas and oil. Although not shown on the map, there are many
m gt ' -. other licences for minerals exploration and extraction (eg metals and sand) that
also pump groundwater.
2 - . _ Mining activities in the Latrobe Valley are regulated by the Department of
Warrag”‘;afalgaﬂoe e - n - i, . It Key Primary Industries (DPI} and groundwater licences are issued by Southern Rural
e ' ' yF S| - ' Exploration leases Water (SRW). The three mines own and maintain a shared observation bore
] : : : [ Coal and coal seam gas network and they are required to comply with annual reporting requirements.
Korumbursag. = *Mirboo Noith J - e [ ciland gas w ; ,
' ® *leongatha . Similarly, coal seam gas projects are regulated by DPL. They require groundwater
Il Black coal and bore construction licences from SRW if they intend to extract water and
Wontha g e h . s I Brown coal they require approval if they intend to inject chemicals underground. The
& = Lo SR
% oster g " I cil and gas field Environment Protection Authority also regulates the injection of chemicals
' Lower aguifer depth (m) underground.
Shallow
Geothermal and geosequestration projects are also subject to SRW's licensing
. Deep and approval processes.
S —

Exploration and production offshore is subject to Federal regulation but
managed in cooperation with DPL. SRW does not regulate groundwater in Bass
Strait.

For more information about current water regulations see Southern Rural

Map of Gippsland basin, oil and gas fields, and exploration licences WS T S S T i S Sk
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Groundwater management and energy

Groundwater use

To access the coal and maintain mine stability, aquifers are depressurised by
pumping groundwater. This groundwater is used in the operations of the power
stations. The open cut mines are likely to operate for many more decades.
While rehabilitation options are being investigated, post-closure rehabilitation is
difficult. The valume of the pits is too large to fill with soil or water. Unless the
pits are filled the recavering groundwater pressures will cause their slopes to fail
and collapse. The seeping groundwater will evaporate in great volumes.

As offshore oil and gas reservoirs are depleted the pressure in the basin falls.
This has been observed in anshore observation bares as falling groundwater
levels {see Chapter 6: Regional trends).

Finding a replacement supply for Victaria’s dwindling gas resources is a high
pricrity. Deeper resources are being explored offshore. Coal to gas processes
that take advantage of the brown coal resources are an aption.

Another option is coal seam gas which uses approximately 100 ML/yr of
groundwater per well to release the gas from the coal. Commercial operations
could involve several hundred wells. This process has the potential to use large
volumes of groundwater. The groundwater used in the wells could be disposed,
re-injected or reused.

Geothermal production is likely to use much less groundwater because the
groundwater is often recirculated in the bore.

Subsidence

Subsidence occurs when groundwater is removed and the aguifer compresses.
It can decompress if the aquifer pressure is restored but permanent
compression may also occur.

Subsidence has occurred in the Latrobe Valley due to depressurisation of the
open-cut mines. The most severe occurrence is up to 2.5 metres of settlement
immediately adjacent to the mines where it has affected buildings, dams, roads
and rivers. Subsidence in the Latrobe Valley is manitored and reparted regularly.

Falling groundwater pressure may cause subsidence along the Ninety Mile
Beach. Estimates range from 100 mm to 800 mm based on a range of
assumptions. Satellite surveys conducted from 2004-05 by DPI found that no
measurable movement had occurred in that period. A 2007 study by CSIRO
concluded that the subsidence calculation was uncertain and that a greater risk
to the coast was rising sea levels and storm surges due to climate change. DSE
is committed to further investigation as part of the Gippsland Sustainable Water
Strategy.

Seawater intrusion

Falling groundwater pressures may lead to sea water intrusion. As the fresh
groundwater pressure falls, the denser sea water advances towards the coast.
Fresh groundwater can be found well offshore which indicates there is no

Geosequestration

Observations
Brown coal reserves in the Latrobe Valley and oil and gas reserves
in Bass Strait are strategically and economically important

resources.

Onshore mining activities are regulated by DPI and the associated
water use is regulated by Southern Rural Water.

Offshore oil and gas extraction is regulated by the Federal
Government.

Energy production has a regionally significant impact on

groundwater and this may continue well into the future.

Subsidence has occurred in the Latrobe Valley, however it has not
been obhserved anywhere else in the region.

immediate problem. The Yarram Water Supply Protection Area Groundwater
Management Plan proposes that groundwater salinity be monitored in
observation bores along the coast. It also prescribes transfer rules that
encourage the transfer of groundwater licences away from the coast.

For more information about energy production visit:

www.dpi.vic.gov.au/earth-resources

Qil and gas

{ Open cut

mining

Geothermal
energy

Coal seam
gas

v

Depleted oil and gas field

Limestone aquitard

Oil and gas field

W
=
0
=
O
(fo}
9
=
o
=
~
)
=
o
=
»
3!




D
N
-
©
o=
©
fd
c
D
&
D
o] )
©
c
©
=
™

introduction > aquifers and groundwater > management and use > upper aquifers > middle aquifers > lower aquifers

Groundwater protection

Groundwater is a valuable resource used by humans and
the environment. It is therefore a matter of public interest
to protect it from pollution and degradation.

The Environment Protection Authaority (EPA) is responsible for developing and
enforcing policies in this area. Other agencies such as the Department of
Sustainability and Environment {DSE} and Southern Rural Water {SRW) are
responsible far implementing policies.

Types of pollution

Point source pollution refers to a single identifiable source of pollution and
may be very concentrated. Examples include landfills, industrial sites, intensive
agriculture {eg feedlots), service stations and hazardous materials or waste
storage areas.

Monitoring Private
bore bore

Uncontained
pollution

Leakage to aquifer

Example of point source pollution

Diffuse pollution refers to pollution that occurs over a wide area and cannot be
easily attributed to a single source. Many small sources can add up to have a
significant impact an regional groundwater gquality. Examples include agricultural
chemicals {fertilisers, pesticides and herbicides), septic tanks and saltwater
intrusion.

Pesticides and
fertilisers

Groundwater
supply bore

Unsewered
settlement

Stream

Examples of diffuse pollution

Policy and regulation

The State Environment Protection Policy for Groundwater (SEPP GoV) is regulated
by the EPA. It is responsible for protecting existing and potential beneficial
groundwater uses.

The EPA regulates existing and potential pollution sources through a licensing
system that includes pollution prevention, monitoring and reporting. Non-
compliance can result in users being prosecuted and required to clean up
polluted sites. Sites with significant graundwater pollution that cannot be
completely cleaned up are listed as Groundwater Quality Restricted Use Zones
{GQRUZs). There is ane identified GQRUZ in Gippsland. A change of land use
may trigger a site investigation. This means that sites polluted prior to the
introduction of strict regulation can be identified.

SRW regulates “disposal of matter underground”. This includes activities that
occur under controlled conditions such as aquifer storage and recovery and in-
bore desalination.

Diffuse pollution is managed through guidelines, codes of practice (eg for
chemical use, septic tank performance) and education. For example the
installation of septic tanks is managed in accordance with the EPA’s code
of practice for on-site wastewater management that recommends a setback
distance between septics and bares.

Groundwater pollution from septic tanks may occur in unsewered towns such
as Venus Bay and Sandy Point (eg there are over 2,500 septic systems in
Venus Bay). In these areas investigations have found bacteria and nitrate
contamination in aquifers that are used by bore owners.

There is no guarantee of groundwater quality for bore awners. Groundwater
users are responsible for assessing the suitability for the end purpose and for
treating the water if necessary.

Monitoring

Point source pollution is regularly monitored to comply with EPA requirements.
Data callected is narmally held in private databases and reported to the EPA.

The SEPP GaoV requires appropriate groundwater quality manitaring. DSE has
responded with a risk-based approach to its state-wide groundwater monitoring
program. Groundwater quality risks from diffuse sources do not justify a
scheduled program. Groundwater quality data collected is recorded on the
Groundwater Management System which is hosted by DSE.

Environmental manitaring for nutrient and salinity management is conducted
in the Lake Wellington catchment to manage the impact of irrigation in the
Macalister Irrigation District (MID).

Nutrient monitoring {including nitrates) is conducted from groundwater pumps
in the MID and around Lake Wellington. The concentration of nutrients has not
changed aver time, suggesting that nutrients from farming activities are not
accumulating in the groundwater.

Observations

Groundwater quality is regulated by the EPA. Other agencies such
as DSE and SRW are responsihle for implementing policies.

High risk point source pollution is more highly regulated,
monitored and reported than diffuse pollution.

Groundwater users are responsible for assessing the suitability for
the end purpose and for treating the water if necessary.

Testing indicates that groundwater quality in Gippsland is good

relative to the rest of the state.

Salinity is measured in the Lake Wellingtan salinity plan bore network. Salinity
monitoring is also conducted in areas considered to be at risk from saltwater
intrusion {eg along the coast and the Gippsland Lakes). No evidence of saltwater
intrusion has been detected to date.

In 2008 groundwater quality across Victoria was analysed for parameters
including pH, temperature, electrical conductivity, common salts, nutrients,
metals, bacteria, pesticides, volatile chemicals and carbon date.

Harmful pollution such as pesticides and volatile chemicals were not detected
in high risk areas in other parts of the state. The chart below shows how the
Gippsland GMUs compare with the state averages for electrical conductivity and
nitrogen.

Average groundwater quality by measured GMUs
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This suggests that Gippsland’s groundwater quality is very good. Even though the
nitrogen content measured in the Stratford and Rosedale GMUs is higher than
average it is suitable far most purposes.

For more information on groundwater quality please refer to the weblinks on
page 4: Glossary, units and links.
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The value of groundwater

Reliability and security strongly influence the value of
groundwater.

Reliability refers to a bore that is always able to supply at the rate and volume
needed. Security refers to the certainty of the user being able to access their
legal entitlement (specifically a licence or protection to access water enabled by
the Water Act 1989).

Reliability

Bores drilled into deep thick aquifers are usually the most reliable. However
they cost more to construct (see graph below) and to pump.

Depth of bore versus cost to construct

Lower aquifer
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Depth of bores sourced from GMS 2011

The willingness of a user to pay for reliability is influenced by their return on
investment and the cost of finding an alternative water supply. The table below
shows the estimated groundwater value for the different user groups in the
region.

Value of production

Domestic
Agribusiness* *
& stock*

5,936,000 70,639,000 13,133,000 111,000

$/ML 900 1,400 3,800 3,800

Source: RMCG 2011

* Domestic and stock value is based on the annualised cost to replace a bore

*%  Agribusiness value is based on the average additional production from using groundwater.
The value could also be estimated by adding the cost of replacing bores eg ~900 - 3,000
($/ML)

*%% Urban and industrial value is based on the cost of an alternative water supply. These
industrial use figures do not include the power and energy industries that dewater aquifers
to access coal, oil and gas. If value was based on the cost of replacing bores in these
industries it would be enormous (many billions) compared to the values estimated above.

Entitlements by aquifer

Il Agribusiness
0 Industry

Il Urban
80 L- Domestic and stock
70
3 60
= %
o 50 i
5 e
£ 40
@
= 30
@
20
10
Upper Middle Lower
Aquifer
Security

Most known groundwater sources are fully allocated and capped and it is

Observations

Users want a secure entitlement with a reliable supply at a cost
they can afford.

Users with higher value needs are willing to increase reliability by
drilling deeper - this influences the distribution of users across
aquifers.

In the coal, oil and gas extraction industries where groundwater is
used for operational purposes its value is enormous compared to
other uses.

Although opportunities to obtain a new entitlement are limited,
a large proportion of entitlement is unused. This volume may be
accessed by transfers (trading).

Future development opportunities for new or existing groundwater users include:

* Trading an existing entitlement - the price of traded groundwater is
not fixed and is generally not reported. Anecdotally it costs approximately
$1,000/ML per year for a permanent transfer and $100/ML per year for a
temporary transfer.

* Managed Aquifer Recharge (MAR) - this means taking a nearby surplus
of surface water, storing it in an aquifer and extracting it when needed. The
annualised cost of MAR projects ranges from $2,000/ML per year for small
projects to $1,000 /ML per year for large projects. The higher costs for
small projects is due to high initial infrastructure costs.

For more information about MAR visit www.nwc.com.au

becoming increasingly difficult to find new sources. However, users generally use

less than 50% of their entitlement. This means that there is potential for trade.
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Chapter 4: Upper Aquifers

Upper aquifers occur along the river valleys of the Thomson, Macalister, Avon, Mitchell and Snowy Rivers. They comprise thin, sand and
gravel sediments at shallow depths. Recharge occurs directly from rainfall and discharge is to streams and lakes.

The better parts of these aquifers are high yielding and good guality. This makes them suitable for uses such as agribusiness (pasture,
dairy wash and horticulture), domestic and stock, and the town supply at Briagolong.

Public groundwater pumps are used to control high water tables caused by irrigation in the aquifers underlying the Macalister lrrigation
District.

In this chapter you can find information on;

GEblo Deseribes the aquifers and aquitards in the region according to the aquifer grouping shown on page 8, 30
& and maps their spatial extent

Maps are included showing the expected salinity and yield, and a combined salinity and yvield map that

Salinity and yield o -, 31
indicates the groundwater use potential
Describes how groundwater movement, explained on page 15, occurs within the upper aquifers of

Movement of groundwater ; 32

: Gippsland
. : _ Discusses how groundwater interacts with the environment, discussed on page 17, particularly with

Environmental dependence 33

groundwater dependent ecosystems
_ Describes the water balance, introduced on page 17, in terms of water volumes entering and leaving

Water balance , , ' . S 5 34
these aquifers. It includes a case study from the Magcalister Irrigation District

Regional trends Presents data from selected State Observation Bores and indicates regional groundwater level trends 35
Provides licensing information about who uses groundwater from upper aquifers, how much they use

Users and usage € ' SE ' HRELSHIE . 36

and the value derived from this use

Current and emerging issues Discusses some of the key issues facing groundwater managers 37
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Geology

These aquifers consist of coarse sand and thick gravel
along the river valleys in the top 50 metres of the
sedimentary basin and in dune deposits near the coast.

Porous sand and gravel aquifers underlie productive farmland along the river
valleys and flood plains of the Latrobe, Thomson, Macalister, Avon and Mitchell
Rivers. The aquifers originate from an alluvial fan (Haunted Hills Formation) that
formed at the foot of the mountain ranges in the period from 4 million to 10
thousand years ago. Prior and current streams have eroded the fan into beds of
sand and gravel. The aquifers occur at or near the ground surface and receive
recharge directly from rainfall and floods. These beds are surrounded by a clay
aquitard.

Aquifer structure

Observations

Sand and gravel deposits form localised but important aquifers
along the river valleys, flood plains and near the coast.

Cther sand and gravel alluvial deposits that form aquifers occur in the eastern
rivers of Gippsland. The most notable of these are the Curlip Gravels along the
Snowy River near Orbost. Sand and gravel aquifers oceur along the river valleys

at Licola, Dargo and Swifts Creek. A clay aquitard known as the Haunted Hills Formation overlies

. most of the sedimentary basin.
Dune deposits

Sandy dune deposits ocour in coastal areas and are particularly important
aquifers in the Sandy Point, Venus Bay and Loch Sport areas but are not
significant east of Lakes Entrance. These aquifers are an important source of
fresh water in an otherwise saline environment.

These aquifers occur at or near the ground surface so they receive
recharge directly from rainfall and floods.

Eg‘&m
allacoota
Upper aquitard extent

The upper aquitard exists between the upper aquifers and the upper middle
aquifers (discussed in Chapter b).

A B—5oo m
Motwell Traralgon  Rosedale Sale
e ST Licati - i a0 m
- —-500m
Key
I I Upper Aquifer GMU
Aquifer thickness (m) 1000
Less than & i )
[ 5-10
[ Greater than 10 . 1500 m
| Aguitard e e e
- Upper aquitard
L_-2000 m

Upper aquifer thickness {Quaternary Alluvials) and underlying upper aquitard extent {(Haunted Hills Formation)
Light colours show where the aquifer is thin and dark colours where it is thick. The brown shading shows the extent of

the underlying aquitard.

Cross-section A-B

Created from map on left showing the upper aquifer and aquitard.
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Salinity and yield

Groundwater development of the upper aquifers is
substantial in the Lake Wellington catchment and
Mitchell River valley due to high yielding (greater

than 10 L/s) and low salinity (less than 1000 mg/L)
aquifers. Elsewhere, salinity and yield is less suitable for
commercial usage.

Smaller, localised areas of usable groundwater occur near Moe, Orbost and

the South Gippsland coast and in the upper valleys of the Macalister, Mitchell,
Tambo and Snowy Rivers (at Licola, Dargo and Swifts Creek).

Korumburrad"
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Cutside the valleys, low yielding, poor quality aquitards cover most of the region.

The high clay content makes them too low vielding for most purposes.

It is estimated that about 10,000 GL of fresh water (less than 1000mg/L) is
stored in these aquifers.

The maps below are more reliable in areas where there is a high density of
bores and groundwater development. Qutside these areas there is very little
data and most of the mapping has been extrapolated from areas with similar
characteristics.

Key
[ veper Aquifer GMU

l Suitable forlmost purposes

[ Unsuitable for most purposes

Groundwater use potential based on salinity and yield

This map combines salinity and yield information to show a snapshot of the potential for groundwater use in the region.
This map should not be used to make commercial decisions. Potential users should seek information from hydrogeologists
and drillers with expertise in the area as well as local information about existing bores.

Observations

The aquifers along the river valleys particularly in the Lake
Wellington catchment contain groundwater that is suitable for

most purposes.

Much of the area outside the groundwater management unit
boundaries is too low yielding or saline for most commercial uses.

Salinity (mg/L)
B <so0
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Salinity of the upper aquifers
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Movement of groundwater

Local flow systems occur around the basin margins along the

Horizontal groundwater movement in the unconfined Interception g
. . flanks of the mountain ranges.
upper aquifers follows the structure of each aquifer from A bore anywhere along a flow system can intercept groundwater before it
high 10 low elevation. Vertical movement throu gh 1o the discharges to surface water environments such as streams or lakes. For Regional flow systems occur in the flood plains of the Gippsland
underlying formations also occurs. example bores in the local systems along the Freestone Creek near Briagolong, Lakes system.

intercept groundwater that could otherwise contribute to stream flows. The
further & bore is from a stream the lesser and more delayed is the impact of its
interception on groundwater.

If groundwater is intercepted along a flow system it can affect the
discharge to streams and other surface water environments.

Flow systems

Local flow systems occur around the basin margins along the flanks of the
mountain ranges. Here the flow paths are steep and short before the water Vertical movement

intercepts the ground surface in depressions and stream beds. In these aquifers salinity increases when the water table

Vertical movement is generally much slower than horizontal movement. This is approaches the surface where the system discharges {eg lakes
Intermediate and regional flow systems occur in the flatter gradients of the because the underlying material such as clay has a low permeability compared and wetlands).
central flood plains and coastal sections of the Gippsland Basin. In these to sand or gravel. The exceptions are in areas around the basin margins where

systems shallow groundwater moves very slowly and discharges to the the aquitards are thin or not present and along fault lines that transmit water.
Gippsland Lakes and surrounding wetlands.
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The map above shows the flow of shallow groundwater | = Lowermiddie aquitard
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TR . N o 13 DOD-36 00D
‘.*' recharge. The water's salinity increases as it picks up =
Lomslmyaton salt along its flow path and become more concentrated

as a result of evaporation when it discharges around

Groundwater elevation Lake Wellington.

Groundwater flows from areas of high (shown in green) elevation to low elevation (shown in blue).
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Environmental dependence

Upper aquifers interact closely with surface water
environments such as streams, lakes and wetlands. They
help to support ecosystems and also provide a direct
source of water for deep-rooted vegetation.

Groundwater Dependent Ecosystems (GDEs)

The map below shows potential GDEs. It includes areas that may receive saline
discharges such as coastal lakes and internationally recognised wetlands near
the Gippsland Lakes. Fresher groundwater discharges occur to streams higher in
the catchment. Vegetation overlies shallow watertable in some areas.

Groundwater and the environment
The map above shows potential GDEs, forested areas and shallow watertables. The GDE mapping ¢an be found at
www.bom.gov.au/water/groundwater/gde/

The environment uses vast amounts of groundwater by evapotranspiration of
shallow watertables. The estimated evapotranspiration from the Avon River
catchment is approximately 60 GL/yr. By comparison licensed groundwater
extraction is around 4 GL/yr from the same area of aquifer and average stream
flows are 150 GL/yr.

It is most likely that subterranean ecosystems ocour in the valleys along the
Thomson, Macalister, Avon, Mitchell and Snowy Rivers in shallow aquifers with
good water quality (eg neutral pH and electrical conductivity less than 5,000 us/
cm) along present or historic river beds.

allacoota

Key

. Forest

I wetiards

[ Aquitard

Depth to watertable (m)
0-5

Il -5

Observations

Surface water environments with significant ecological value
along the rivers, near the coast and around the Gippsland Lakes
may interact with groundwater.

Significant amounts of groundwater are accessed by the
environment using evapotranspiration.

Groundwater contributions to rivers can be significant during low
flow periods (summer and autumn).

Baseflow to rivers

Most of Gippsland's rivers receive baseflow from groundwater. Studies have
shown the importance of groundwater to the flows of the Avon, Mitchell and
Tarra Rivers.

The Avon and Mitchell Rivers are connected to groundwater in the sand and
gravel alluvium of their floodplains. The rivers gain groundwater during low flows
as shown in the diagram below. During floods the river recharges the alluvial
aquifers.

Evapotranspiration Evapotranspiration

Recharge f f f f Recharge

Groundwater pumping

Rivers are most likely to be affected by groundwater pumping in dry years when
river flows are low and pumping peaks. It is estimated that groundwater pumping
next to the Mitchell River at Wy Yung can reduce river flows by up to 13% during
dry summers. This reduction in river flows happens with very little lag time
because the bores are close to the river and groundwater moves quickly through
the sand and gravel aquifer.
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Water balance

There are several isolated basins that comprise the
upper aquifers. These aquifers are generally unconfined
and interconnected with local streams. Apart from the
Lake Wellington catchment, few detailed water balance
studies have been conducted.

The diagram below shows the elements of the water balance for the upper
aquifers. Recharge is highest in the porous alluvium. Discharge occurs through
baseflow to streams, evapotranspiration, discharge to lakes and offshore,
leakage to deeper aquifers and extraction.

Rainfall recharge

Evapotranspiration

Interaction
with rivers

Extraction
Discharge to
lakes

Upper Aquifer Upper aquifer
(Recent Alluvials) (Haunted Hills Fm)

The graph below shows the estimated water balance of the upper aquifer
groundwater management units (GMUs) in Wy Yung, Wa De Lock, Denison,
Tarwin and Orbost. Overall, the estimated recharge is approximately equal to
current allocation.

Il Rainfall recharge + irrigation leakage
[ Interaction with rivers

80 I Throughflow out/offshore discharge
I Domestic & Stock

Il Licensed allocation

60

40

20

Volume (GL/year)

-20

The major influences on water balances of these upper aquifers are rainfall
recharge and pumping. Evapotranspiration and land use were not analysed in
this estimate, however these factors are known to impact the water balances of
upper aquifers elsewhere.

Macalister Irrigation District (MID) case study

The MID covers large areas of the lower Lake Wellington catchment.
Groundwater use is greatest in the areas covered by the Denison and Wa De
Lock GMUs where low salinity, high yielding alluvial aquifers occur.

Key
[] &MU Boundary

Macalister Irrigation
District

Lake Wellington

a Trobe  River

The graph to the right shows the MID water balance in an average year.
Leakage from irrigation contributes to high water tables and land salinisation.
Groundwater control pumps are used to pump excess water (irrigation leakage).
In wet seasons when recharge is high and groundwater usage is low, up to 4 GL
is pumped for groundwater control.

Observations

* Direct recharge from rivers, rainfall and irrigation leakage
contribute significantly to the water balance in the upper aquifers

e Irrigation leakage can significantly impact the water balance in
intensive irrigation districts like the MID.

* Compared to deeper aquifers, upper aquifers are more sensitive to
recharge and pumping.

MID groundwater balance

( I Recharge from channel & river leakage
I Irrigation leakage & rainfall recharge
[ Groundwater pumping for use

Il Groundwater pumping for salinity control

~

60 Il Evaporation
Leakage to deeper aquifers
- 40 L [ Discharge to rivers
g
> 20
g
q) 1 1
_g 0
S
-20
-40

Water balances of intensive irrigation areas like the MID are influenced by the
volume of irrigation deliveries, channel leakage and on-farm application (eg
flood or spray). These factors also affect the depth to the water table, river
height, movement of water between the aquifers and rivers and the need for
salinity control.

40 NOTE: The two water balance graphs on this page are not directly comparable as they
were completed for different purposes and using different methods. However, they are
60 useful for looking at the relative sizes of each component within an area or aquifer.
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Regional trends
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Hydrographs from all monitored State Observation Bores are available on the Southern Rural Water website www.srw.com.au
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Observations

e Groundwater levels in the upper aquifers are seasonal and
responsive to rainfall, pumping and stream interaction (eg floods).

Groundwater levels at four of the sites have recovered seasonally

even during the dry period from 1996 to 2010.

Groundwater levels at Denison site have not recovered to pre-1996
levels. This may be due to modernisation of the delivery system
and more efficient irrigation practices.

The hydrographs to the left show depth to groundwater below ground surface in
the upper aquifers at specific bore locations together with rainfall.

The map below indicates the regional trend observed in the monitoring bore
network for each GMU.

B ORBOST

Key

[ stable

TARWIN D Declining

Tarwin GMU: Bore 94815 is located in beach sands at Venus Bay.
Seasonal variations occur, however levels have remained stable over 20
years of records.

=== Denison GMU: Bore 42069 is located in the MID. Groundwater levels
declined from 1996, however recent data suggests no further decline.

=== QOrbost GMU: Bore 115733 is located near the Snowy River. Short-term
seasonal variations occur, however the long-term trend is stable.

=== Wy Yung GMU: Bore 80760 is |ocated near the Mitchell River. Long-term
trend is stable. Step rises indicate groundwater response to floods (eg
2007).

=== Wa De Lock GMU: Bore 110167 is located near near Freestone Creek
(Briagolong). Seasonal pumping and recovery cycle with stable long-term
trend.

==== Rainfall in millimetres

N
C
©
O
1)
q
Q
O
c
=:
@D
q
w»




92
b
)
o=
=
O
©
—
b
Q.
Q.
-
¢

introduction > aquifers and groundwater > management and use > upper aquifers > middle aquifers > lower aquifers

Users and usage

The upper aquifers with yield and quality most suitable

for commercial usage occur mainly along the river valleys.

These aquifers interact closely with the environment.

Licensed users

Most licences are used for agribusiness. There is an urban licence at Briagolong,

Denison and Wa De Lock groundwater management units (GMUs) in the Lake
Wellington catchment and Wy Yung GMU on the Mitchell River have the highest
number of licences with an average volume of 116 to 147 ML.

Agribusiness 92%

Domestic and stock 7%

Urban <1%

Industry 1%

Unincorporated areas (UAs) account for a large proportion of licences but the
average volume is small. Most of the volume in Orbost and Tarwin is accounted
for by one licence in each GMU.

Number of Average licence Largest licence
licences size (ML/yr) (ML/yr)
Denison 126 110 621
Orbost 4 304 723
Tarwin g 13 35
Wa De Lock 252 118 2,166
Wy Yung 60 124 1,145
UAs 201 64 913

An entitlement of 4,677 ML is held by Southern Rural Water to manage high
water tables in the Lake Wellington catchment.

Domestic and stock users

There are an estimated 4,000 domestic and stock (D&S) bores that use
approximately 5,200 ML/yr.

The environment

Environmental use of groundwater is significant in these aquifers because of
interaction with the surface water features and the reliance of vegetation on
shallow water tables. It is too difficult to quantify this usage with the information
available.

Licensed use

The average use is around one third of the licensed volume.

T T T

57,879 67,822 23,936

Totals (ML/yr)

Entitlements in unincorporated areas are included in this table. PCVs do not apply to
unincorporated areas.

Denison GMU has the highest proportion of use (44% of entitlements). Wy Yung
has the lowest (15% of entitlements). Orbost and Wa De Lock GMUs use an
average of 31% and 27% of entitlements respectively.

B PCY
© Entitlements (GL/yr)
35 L Bl Average usage (GL/yr)

30

25

20

15

Volume (GL/yr)

10

Denison Orbost Tarwin

Wa De Lock Wy Yung

Sustainable use

Compared to the lower aquifers these aquifers are less reliable for long-term
planning. This is because of their short-term reliance on rainfall, small storage
and low yields. They are seasonal in nature, rapidly draining during dry seasons
but recovering in the spring, even during the prolonged dry period from 1995 to
2010. This suggests that the current level of use (one third of entitiements) is
sustainable with the current rainfall patterns.

In contrast to other areas, groundwater use is encouraged in the Macalister
Irrigation District (MID) to help manage high water tables there. The high water
tables occur as a result of leakage from irrigation and cause water logging and
land salinisation.

Value

The upper aquifers are cheap to access and are normally used as a backup
supply to surface water during dry seasons. Agribusiness users are located in
areas where better quality water coincides with rich soils and surface water
irrigation. Prominent agribusiness users are dairy (in the Lake Wellington
catchment) and vegetables (along the Mitchell River). Compared to the deeper
aquifers, a significant proportion of the value of upper aquifers is attributed to
D&S users.

The environmental value is hard to quantify but groundwater contributes to
the water cycle that sustains the internationally recognised wetlands of the
Gippsland Lakes.

Observations

The upper alluvial aquifers are highly valued as a backup supply
during dry seasons.

These aquifers rely on rainfall for their recovery. Compared to
deeper aquifers they have less storage and are less reliable.

There is a substantial volume of unused entitlements - these
could be retained by licence holders as a backup during dry
periods or traded to other users.

In the MID groundwater is pumped to manage high water tables

The table below shows estimates of the annualised gross value of groundwater
for different uses. This emphasises the relative importance of these aquifers for
D&S and agribusiness uses.

Agribusiness Industrial ($)

($)
Denison 392,000 3,940,000 0 0
Orbost 14,000 257,000 0 0
Tarwin 736,000 0 0 15,000
Wa De Lock 593,000 6,868,000 159,000 0
Wy Yung 122,000 2,068,000 0 123,000
UA 1,711,000 15,831,000 2,119,000
TOTALS 3,568,000 28,964,000 159,000 2,257,000

Source: RMCG 2011

D&S value based on cost to replace bore.

Agribusiness value based on farm gate value.

Urban and industrial value based on cost of alternative supply.
Table does not include Unincorporated Areas.

Future development

Most of the upper aquifer entitlements are capped. In most cases new water
entitlements can only be obtained by trading.

The use data suggests there is potential to develop the unused proportion of
entitlements (65%). This is provided that the yield and salinity are adequate to
sustain this volume and that the impact on other users is acceptable.

Licence holders place a value on sleeper (unused) entitlements to use during
dry seasons or to grow their businesses.

The areas of the aquifers that have poorer water quality but reasonable yield can
be treated before use or for managed aquifer recharge projects that store water
for later usage.



introduction > aquifers and groundwater > management and use > upper aquifers > middle aquifers > lower aquifers

Current and emerging issues

The upper aquifers are important because they can

be accessed quickly and cheaply when needed. They
support deep-rooted vegetation, wetlands and provide
stream baseflows, which is particularly important during
periods of low rainfall.

The map below shows the extent of the upper aquifers overlain with licence
distribution, forests and high value wetlands.

Korumbursag ,
Yeongatha®!

Wonthaggis 3

Land cover and licences

Regional Issues
* Competition between the environment and other users
* Land salinisation caused by high water tables in intensive irrigation areas

Modernisation in the MID reduces groundwater recharge. This lowers high
water tables but decreases access to groundwater.

* Protection of groundwater from pollution sources such as septic tanks (refer
to page 26 for more information)

The Gippsland Sustainable Water Strategy sets the policy direction for future
water sharing. The Water Act manages groundwater issues between users at a
local and regional level.
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The map above shows the extent of the upper aquifers, distribution of licences by user and size, land cover and where

potential groundwater dependent ecosystems coincide with the upper aquifers.

Observations

Management of the upper agquifers needs to account for the strong
relationship between rainfall, land use and groundwater users.

It is important to manage groundwater and surface water together
where they interact along the river valleys.

Lipper aquifers can be susceptible to groundwater pollution where
they occur near the ground surface.

Legislation, policy and operational strategies are in place to
manage regional issues.

Dewatering and recharge control strategies are in place to minimise
environmental damage and production l0ss in areas where land salinisation has
occurred.

Managing groundwater and surface water

Along the major river valleys users have both groundwater and surface water
licences that they rely on at different times (eg groundwater is used more heavily
during dry periods when access to surface water is restricted, however it may not
be used at all when river flows are high}. The map below shows the distribution
of licences along the Mitchell River in the Wy Yung GMU.

Groundwater is strongly connected with surface water in the major river valleys.
Studies suggest there are short lag times between local pumping and the impact
on streams (refer to page 33).
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Depth to watertable (m)

i 0-5 [ GMU boundary @ Upper groundwater volumes (ML)
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Chapter 5: Middle Aquifers

Middle aquifers cover a large part of the basin from Moe to Bairnsdale. They comprise thick seams of sand aquifers separated by clay
and coal aquitards. Recharge occurs from leakage through the overlying and surrounding sediments and discharge is to the limestone
aquitards to the east and along the coast.

Agribusiness (pasture and horticulture) and the town supply at Sale use the shallower higher yielding, good quality parts of the aquifers.
The Latrobe Valley power companies depressurise the aguifers to enable mining.

In this chapter you can find information on;

Describes the aquifers and aquitards present according to the aquifer grouping shown on page 8, and

Geolo 40
& maps their spatial extent
. , Maps are included showing the expected salinity and yield, and a combined salinity and yield map that
Salinity and yield e ’ 41,42
indicates the groundwater use potential
Describes how groundwater movement, explained on page 15, occurs within the upper aquifers of
Movement of groundwater 43, 44

Gippsland

; Discusses how groundwater interacts with the environment, discussed on page 17, particularly with ;
Environmental dependence 45
groundwater dependent ecosystems

Describes the water balance, introduced on page 17, in terms of water volumes entering and leaving

Water balance 46
these aquifers. It includes a case study from the Macalister Irrigation District

Regional trends Presents data from selected State Observation Bores and indicates regional groundwater level trends a7

Provides licensing information about who uses groundwater from upper aquifers, how much they use
and the value derived from this use

Users and usage 48

Current and emerging issues Discusses some of the key issues facing groundwater managers 49
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Geology

* The upper middle aquifers are comprised mainly of sand and

The middle aquifers in the region were formed 34 to 4 Upper middle aquifer e e
o . ) underlie the upper aguifer and aguitards.
million years ago. These aquifers are confined by the The aquifer is mostly comprised of the Boisdale Formation sands that oceur up
m over|ying upper aquifer and a thick C|ay aquitard_ The to 2QOm below grounld surface. It is around 50m thick across most of its extent They are confined from lower aquifers by clay, coal and limestone
g aquifer group has upper and lower parts, separated by and s unit QB Uickat SaIe., aquitards.
q) aquitards. The aquitards are generally clay and coal This aquifer is generally confined with little or no outcrop. Between Sale and
(¥l seams (in the north-west of the Gippsland Basin) and Lake Wellington it has sufficient pressure to flow from bores. Along the coast it Free.ﬂowmg bores occur in the area between Sale and Lake
m — ; : 2 changes into a clay marl agquitard known as the Jemmy's Point Formation. Wellington.
= Gippsland Limestone (in the east and centre of the
D- Basin).
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Depth to the top of the upper middle aquifer {Boisdale Formation) and extent of underlying upper middle aquitard
Light shading shows where the upper middle aquifer occurs at or near the surface and dark shading shows where it occurs deeper (eg overlain by other
aquitards and aquifers). The brown shaded area shows the extent of the underlying upper middle aquitard. Created from map on left showing upper middle aquifer and aquitard.
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Geology

Lower middie aquifer

The lower middle aquifers are confined sand aquifers. They are made up of a
number of formations, including the Latrobe Valley Group (Yallourn and Morwell
Formations), Balook Formation and the Lakes Entrance Formation.

They ocour close to the surface in the coal fields between Yallourn and Morwell,
near Orbost and around the basin margin but are otherwise buried under
several hundred metres of overlying sediments.

The Morwell and Yallourn Formations are thick sand, ¢lay and coal layers. The
coal seams within them form impervious aquitards but these are not continuous
and they are faulted, allowing connection between the sand units within each
formation.
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The lower middle aquifers are thickest in the Sale and Yarram areas. This
coincides with the occurrence of barrier beach sands known as the Balook
Formation (refer to schematic on page 45). The Balook Formation sits
immediately under the upper middle aquifers and above the lower aquifers.
It acts as a conduit connecting groundwater pressure across these aquifers.
Where the Balook Formation is absent the upper and lower aquifers are
confined from one another by thick ¢lay, coal or limestone aquitards.

These aquifers are absent in the Strzelecki Ranges where the basement ocours
at the surface. This means there is no direst connection between the aquifer at
Traralgon and the aquifer at Yarram.
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[ Lower middie aquifer GMU

Lower middie aquifer depth (m)
<50

[ sh-100

Il 100

Depth to the top of the lower middle agquifer {Latrobe Valley Group and Balook Formations) and overlying upper middle aquitard
Light shading shows where the aquifer occurs at or near the surface and dark shading shows where it occurs deeper (eg overlain by other aquitards and

aquifers). The cross hatching shows the extent of the overlying aquitard.

Observations

The lower middle aquifers are buried under several hundred metres
of overlying sediments.

They are confined from overlying and underlying aquifers by coal

and clay seams except where the Balook Formation occurs.

The Balook Formation is a sand unit that transmits groundwater
pressure across the lower and middle aquifers.

The Latrobe Valley and South Gippsland sections of the aquifers
are separated by the Strzelecki Ranges.
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Lower middie a&uitard extent

The lower middle aquitard occurs between the lower middle aquifers and the
lower aquifers (discussed in Chapter 6).
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Salinity and yield

Upper middle aquifer

The aquifer provides an important supply of high yielding,
good quality water for urban supply and irrigating
productive farming land.

Between Sale and Lake Wellington it is a high yvielding aquifer (greater than 50
L/s) and has low salinity (less than 500 mg/L).

In the north between Stratford and Bairnsdale and along the coast between
Seaspray and Yarram this aquifer provides an important source of water for
agribusiness where other water supplies are limited.
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The better quality water found in the middle aquifers may be due to deep river
leakage, or upward leakage from the good quality lower aquifer. Yield and
salinity are poorer near the coast and around the eastern extent where the
aquifer changes into a ¢clayey marl aquitard.

It is estimated that approximately 3,000 GL of fresh water (less than 1000mg/L)
is stored in this aquifer.
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Observations

Yield and salinity are suitable for most purposes across most of
the aquifer.

This aquifer provides an important source of water in the areas
west of Bairsdale and east of Stratford where other water
supplies are limited.

Sale and Giffard groundwater management units cover the higher
yielding, low salinity areas of this aquifer.

Salinity (mg/L)
B <s00

Bl 500-1000
B 1000-3500
3500-7000
N ———

Salinity of the upper middle aquifer
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Yield (L/s)
<1

1-5
Groundwater use potential based on salinity and yield W 5-10
This map combines salinity and yield information to show & snapshot of the potential for groundwater use in the region. Il 10-50

This map should not be used to make commercial decisions. Potential users should seek information from hydrogeologists

and drillers with expertise in the area as well as local information about existing bores. Yield of the upper middle aquifer
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Salinity and yield

Lower middle aquifer Salinity is lowest where the aquifer occurs close to the surface around the basin

margin. In these areas, the aquifer is recharged directly by rainfall or by leakage
This aquifer provides a valuable resource for agribusiness  from the shallow overlying aquifers.
and industry throughout the Latrobe Valley and along the Salinity is higher away from the recharge areas where the groundwater has been

basin margin near Bairnsdale and Yarram. in the aquifer longer and picked up more salt along its flow path.

The highest yields of over b0 L/s occur between Moe and Sale and also around
Yarram. The yield is lower where the aquifer becomes thin in the ¢entral and

It is estimated that approximately 60,000 GL of fresh water (less than
1000mg/L) is stored in this aquifer.
eastern parts of the basin.

Most irrigation occurs where the aquifer rises towards the surface near
Stratford, Sale and Yarram.
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[ Lower middle aquifer GMU

I Suitable for most purposes

[ Unsuitable for most purposes

Groundwater use potential based on salinity and yield

{Lower middle aquifer - Balook Formation and Latrobe Valley Group)

This map combines salinity and yield information to show a snapshot of the potential for groundwater use in the region. This map
should not be used to make commercial decisions. Potential users should seek information from hydrogeologists and drillers
with expertise in the area as well as local information about existing bores.

Observations

The lower middle aquifer is highest yielding in the western areas of
the Gippsland Basin.

Salinity is lowest around the basin margin where the aquifer
occurs close to the surface and receives recharge.

Rosedale and Yarram groundwater management units cover the
higher yielding, low salinity areas of this aquifer.

Salinity of the lower middle aquifer

Yield of the lower middle aquifer

Salinity (mg/L)
B <500

Bl s00-1000
B 1000-3500
3500-7000

Key
Yield (L/s)
<1

1-5
[ 5-10
Bl 10-50
B 50
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Movement of groundwater

The flow in the upper middle and lower middle aquifers is
mainly horizontal, from high to low elevation. Significant
vertical movement also occurs between the underlying
and overlying formations across faults and where there
are changes in formation materials.

Flow systems

The upper and lower middle aquifers have large regional flow systems. The
natural direction of flow is from north-west, where water enters the systems, to
south-east. Groundwater flow west of Rosedale is drawn towards the Latrobe
Valley due to depressurisation of the open-cut mines. There is a logal ‘cone of
depression’ at Sale due to logal pumping. Groundwater in both the upper and
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lower middle aquifers flows into coastal aquitards. The rate of flow is very slow. It
may take groundwater hundreds of years to travel tens of kilometres.

Recharge

The upper middle aquifer doesn't outcrop at the ground surface. It recharges
from throughflow around the basin margin and the northern flank of the
Strzelecki Ranges, downward leakage from overlying sediments particularly
along the river valleys of the Thomson and Avon Rivers and upward leakage in
areas where the lower aquifer has a higher pressure (eg Rosedale area).

The lower middle aquifer mainly receives recharge from throughflow around the
basin margin, leakage from overlying sediments and upward |leakage from lower
aquifers.
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=i Direction of flow

Groundwater elevation

High

Groundwater elevation and flow direction in the lower middle aquifer

(see inset for the upper middle aquifer)

Observations
Generally groundwater flows south and south-east towards
the centre of the Gippsland Basin and on to the coast where it

discharges offshore.

Groundwater moves slowly in regional flow systems through the

upper middle and lower middle aquifers.

The upper middle and lower middle aquifers receive some
recharge via leakage from shallower aquifers and aguitards.

Some vertical flow occurs between aquifers along faults or where
aquitards are absent,

Pressure

The groundwater in the middle aquifers is pressurised by its head of water
and the weight of overlying sediments. Groundwater flows freely from bores
that have a pressure head higher than the ground surface. This situation may
reverse seasonally when groundwater pressures are reduced by pumping
during summer. Complete loss of flow may occur as a result of regional
depressurisation of aquifers.

North
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Groundwater elevation and flow direction upper middle aquifer -
Boisdale Formation

The map above shows groundwater flow in the upper middle aquifer. This aquifer
covers a much smaller area than the lower middle aquifer and so this map is
zoomed in compared to the map on left.



Environmental dependence

Interaction between the upper middle and lower middle
aquifers and the surface environment is limited by the
overlying upper aquifers and aquitards. The limestone
aquitards along the coast may provide a subterranean
habitat if caves have formed in the formation.

Rivers and lakes

There is no significant outcrop of the middle aquifers at the surface even
around the basin margin. There is no significant interaction with rivers. Indirect
interaction with rivers aoccurs from leakage into the middle aquifers from the
upper aquifers along the major river flats.

Several studies over the past few decades suggest that the upper middle aquifer
may discharge to the Gippsland Lakes {southern parts of Lake Wellington, Lake
Victoria and Lake Reeve). Nearby significant wetlands such as Dowds Morass,
Sale Common, Heart Morass and Clydebank Marass may also rely on discharge
from the middle aguifers due to upward groundwater pressure.

introduction > aquifers and groundwater > management and use > upper aquifers > middle aquifers > lower aquifers

Observations

There is potential for saline water from the Gippsland Lakes to enter the Interaction between the middle aquifers and surface ecosystems

is limited hecause they are separated by the overlying upper
aquifers and aquitards.

upper middle aquifer if pressure falls below the lake level. This is called saline
intrusion. However the available data is inconclusive and no firm conclusions

can be drawn from it.
The upper middle aquifer may discharge some groundwater to the

Gippsland Lakes. Saline water from the lakes could intrude into
the aquifer if groundwater pressure in the aquifer declines below

Interaction with other aquifers

The middle aguifers are semi-confined or confined by the overlying shallow
aquitards and aquifers. They receive recharge via leakage through the upper
units. Downward leakage is greater along the major river flats where the
overlying soils are sandy or gravelly.

the lake level.

The middle aquifers mainly discharge to limestone and marl
aquitards beneath the Gippsland Lakes and along the coast. These
aquitards could provide a habitat for cave ecosystems.

In contrast, there are large areas where the pressure in the upper middle aquifer
is higher than in the averlying shallow units and so upward leakage may also
occur.

There may also be leakage between the lower middle and lower aquifers, in both
directions, where there is no aquitard between them.

Possible discharge to lakes
or saline intrusion from lakes
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Water balance

There are two main sections in each of the upper and
lower middle aquifers. The sections are divided by the
ridge of the Strzelecki Ranges which extends towards the
Gippsland Lakes.

The cross section below shows a simple water balance model for the middle
aquifers. Downward leakage (recharge) from the upper units is likely to be
highest in the more sandy or gravelly river valley areas. Upward leakage may
also occur in areas where groundwater pressure is higher in the lower aquifers
than in the middle units, particularly across the Balook Formation.

Possible discharge
to lakes

Discharge to
aquitar

—d |

Discharge
__offshore

‘across Balook.

|
Middle aquifers

The Boisdale Formation, of upper middle aquifer, has been studied in detail. The
diagram below shows its narrow recharge areas and coastal discharge.
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The graph below shows the estimated combined major inputs and outputs to

the middle aquifer groundwater management units (GMU) at Sale, Rosedale and

Giffard. The licensed allocation includes all licences within the middle aquifers
including the unincorporated areas.

Water balance middle aquifer

Il | eakage/Throughflow in
[ Onshore mine dewatering
Il Licensed allocation

I Domestic & Stock
B Throughflow out
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This graph shows results from water balance studies completed to date - these
studies do not include all elements in the diagram on left. The recharge shown
may be less than the actual total recharge as only the GMUs are included (not
the total aquifer system).

Overall, the estimated recharge is less than current allocation. The estimates for
leakage/throughflow in and out are highly uncertain as they cannot be directly
measured.

The net water balance (per graph above) is estimated to be negative 48,000
ML/yr assuming all allocation is extracted. Total metered use including the
mines but not domestic and stock is significantly lower than allocation. Based on
use the net water balance is negative 13,000 ML/yr.

The negative water balance means that the aquifers have been losing water
(eg the groundwater storage has been decreasing). This is consistent with the
groundwater level trends in many parts of the aquifers (see Regional Trends on
page 47). It is also consistent with the rapid increase in groundwater use across
the aquifer in the 1980s and 90s. Groundwater allocation was capped across
most of the aquifer in the late 1990s.

Observations

The water balance of the upper middle aquifer is influenced mostly
by recharge from leakage and by pumping.

The estimates for leakage/throughflow in and out are highly
uncertain components of the water balance and actual recharge
may be higher than estimates shown here.

These aquifers are estimated to have been losing water (13 GL/yr)
over the past decade.

Irrigating potatoes at Thorpd




Average monthly rainfall (mm)

Average monthly rainfall (mm)
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Regional trends
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Hydrographs from all monitored State Observation Bores are available on the Southern Rural Water website www.srw.com.au
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Observations

Groundwater levels in the bores shown for the upper middle
aquifer show seasonal variation with relatively stable trends over
the past decade.

Groundwater levels in the bores shown for lower middle aquifer
bores indicate a long term declining trend.

With the exception of Giffard, all areas indicate some level of
regional decline.

The hydrographs at left show depth to groundwater below ground surface in the
middle aquifers at specific bore locations together with rainfall.

The map below indicates the regional trend observed from all observation bores
for each GMU. Sale and Giffard GMUs are in the upper middle aquifer. Rosedale
and Yarram GMUs are in the lower middle aquifer.

Key
[ stable
D Declining

«== Sale GMU: Bore 86669 is located near Stratford. Seasonal pumping and
recovery pattern occur. Annual maximum levels have fallen by 5 metres in
step declines since 1996.

=== Giffard GMU: Bore 145090 is located near Woodside. Small seasonal
changes in groundwater levels occur. Long-term trend is stable.

Rosedale GMU: Bore 92177 is located north of Stratford. Steady regional
decline of 5 metres has occurred since 1985. There is no observable
impact from rainfall or summer pumping.

=== Yarram GMU: Bore 64835 is located near Longford. Steady regional
decline at a rate of 0.5 metres per year has occurred over recorded
period. There is no observable impact from rainfall or summer pumping.

=== Rainfall in millimetres
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Users and usage

Usage from the middle aquifers occurs in the Latrobe
Valley, the area from Sale to Bairnsdale and in Yarram. It
is attractive to users in these areas because of its high
yield, relatively shallow depth and suitability for most
uses.

Licensed users

As in the upper aquifers agribusiness users hold most of the licensed volume.
Urban and industrial users also account for a significant proportion of
entitlement.

Agribusiness 72%

Domestic and stock 4%

Industry 17%
Urban 7%

Sale and East Gippsland urban supplies rely on these aquifers which are also
depressurised by Latrobe Valley mines.

Number of Average licence Largest licence
licences size (ML/year) (ML/year)
Giffard
Sale 110 ilere 3,500
Rosedale 65 340 3,470
UAs 74 71 488

Domestic and stock users

There are an estimated 1,600 domestic and stock (D&S) bores and they use
approximately 2,000 ML/yr.

The environment

These aquifers are generally confined. Indirect interaction may occur between
these aquifers and the environment from groundwater leaking to the surface or

discharges into the limestone aquitard where cave ecosystems may be present.

Licensed use

Similar usage is recorded in each GMU with between 47% and 50% of entitlements

used annually.

49,195 54,261 26,555

TOTALS (ML/yr)

Entitlements in unincorporated areas are included in this table. PCVs do not apply to
unincorporated areas.

I PCY
© Entitlements (GL/yr)
Il Average usage (GL/yr)
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Rosedale

Giffard Sale

Sustainable use

In the western part of the upper middle aquifer near Sale falling groundwater
levels (0.5 m/yr) have led to a gradual loss of artesian conditions. This may be
occurring basin-wide, caused by onshore and offshore pumping. This underlying
trend in the upper middle aquifer cannot be managed locally. Pumping from
irrigation and urban bores near Sale causes a seasonal rise (winter) and fall
(summer) of up to several metres. Average use in the range of 10 to 13 GL/yr
allows the aquifer to recover. Greater use as in 2002/2003, has led to a step
change in the level of recovery.

Further east where the aquifer is thinner and lower yielding use is much lower
and groundwater levels have remained stable. It is possible that groundwater
levels are maintained by interaction with the nearby lakes (King and Victoria).

Groundwater development in Giffard GMU has occurred more recently. Although
some seasonal rise and fall occurs no underlying groundwater trends have
developed.

Managing the lower middle aquifer requires balancing the need to depressurise
the Latrobe Valley mines and the need to sustain the availability of water

for other users. Records show groundwater levels are falling at a rate of
approximately 0.5m/yr. These falling levels are manageable for users as long as
bores are drilled deep enough to access lower levels.

Observations

The middle aquifers provide a highly reliable resource as long
as bores are drilled deep enough to allow for seasonal falls in

groundwater levels.

There is potential for groundwater trading because there is a high
number of entitlements and unused licence volume (50%).

Increased use in the Sale GMU may lead to regional depressions or
bore interference.

Value

The table below shows estimates of the annualised gross value of groundwater
for different uses. This emphasises the relative importance of these aquifers for
D&S and agribusiness uses.

In the past decade in the dry country in the Giffard GMU and north of the Sale
GMU has been converted into an irrigation area increasing the value derived
from agribusiness.

0

Giffard 31,000 1,967,000 543,000
Rosedale 390,000 6,722,000 0 16,720,000
Sale 270,000 10,375,000 8,038,000 0
UA 479,000 6,453,000 2,309,000 15,000
TOTAL 1,170,000 25,517,000 10,346,000 17,278,000

Source: RMCG 2011

D&S value based on cost to replace bore.

Agribusiness value based on farm gate value.

Urban and industrial value based on cost of alternative supply.
Table does not include Unincorporated Areas.

Future development

Most of Gippsland is now capped. However there is a great deal of potential

to develop the unused proportion of entitlements (50%). The data indicates
that it may be sustainable to activate the unused entitlements if this is well
managed. Given the continuous nature of the upper middle aquifer and the high
number of licences distributed across its total area, it would appear suited to a
groundwater trading market if demand increases and regulation allows.
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Current and emerging issues

Groundwater levels are declining across the northwestern ~ Regional issues feglandl drmmfoen cons and bore nfaesence nestrl flia tine
. . heavily used areas of the middle aquifers during periods of high

and central areas of the middle aquifers. Both +  Declining regional groundwater levels in heavily developed areas Uise.

agribusiness and industrial users substantially increased - Bore interference and loss of flowing artesian conditions

their entitlements and use during the 1980s and 90s.

These aquifers are impacted by regional depressurisation due to
mining activity.

* Potential for saline intrusion into the upper middle aquifer from the
The middle aquifers are heavily used by agribusiness, urban and industrial users Gippsland Lakes

(including mine dewatering). ; L ; ; .
* Increasing demand from agribusiness, urban and industrial users The State government and relevant agencies have management

The map below shows the distribution of licences by size and user group. There for groundwater resources strategies in place to address local and regional issues.
is a dense distribution of large licences between Morwell and Sale. Actual use is
generally significantly lower than allocation (refer to page 48).

The Gippsland Sustainable Water Strategy sets the policy direction for future
water sharing. The Water Act manages groundwater issues between users at a
local and regional level.

Future water resources

There are no major dams east of the Macalister River. Industries such as mining
and urban development around towns such as Loch Sport may need to rely on
groundwater as a resource.

The middle aquifers are an attractive potential resource for future development
because of their relatively shallow depths, high yields and low salinity.
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This map shows the extent of the middle aquifers and aquitards overlain by the distribution of licences by size, GMU boundaries and forested areas.







Chapter 6: Lower Aquifers

Lower aguifers extend across the Gippsland Basin and well offshore. They comprise thick sand sediments that rise to the surface along
the basin margin but are very deep along the coast and offshore. They are underlain by basement rock. Recharge occurs directly where
the aquifers occur near the surface and by downward leakage in the deeper basin. Discharge occurs offshore in Bass Strait.

The aqguifers are used for agribusiness (pasture and horticulture) and town supplies (Bairnsdale, Leongatha and Yarram). Coal mine
depressurisation and offshore oil and gas developments are the major user of the resource. Although the basement rock acts mainly as
an aguitard, it discharges groundwater to streams and has sufficient yield and quality to supply Mallacoota.

In this chapter you can find information on;

Describes the aquifers and aquitards in the region according to the aquifer grouping shown on page 8, and
maps their spatial extent

Geology 52

. B Maps are included showing the expected salinity and yield, and a combined salinity and yield map that
Salinity, vield and temperature o i 53
indicates the groundwater use potential

Describes how groundwater movement, explained on page 15, occurs within the lower aquifers of
Movement of groundwater : i : 54
Gippsland including the basement

Discusses how groundwater interacts with the environment, discussed on page 17, particularly with
groundwater dependent ecosystems

Environmental dependence 55

s R Describes the water balange, introduced on page 17, in terms of water volumes entering and leaving these 56
aquifers. It includes a case study from the Latrobe Group.

Regional trends Presents data from selected State Obhservation Bores and indicates regional groundwater level trends 5

Provides licensing information about who uses groundwater from lower aquifers, how much they use and
the value derived from this use

Users and usage 58

Current and emerging issues Discusses some of the key issues facing groundwater managers 59
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Geology

The lower aquifers of the Gippsland Basin were formed
from 65 to 34 million years ago. They are overlain by the
upper and middle aquifers and thick silt, clay, coal and

limestone aquitards. They are underlain by the basement.

Latrobe Group

The most widespread formation of the lower aquifers is the Latrobe Group.

It comprises sand and gravel aquifers, and ¢lay, silt and coal aquitards. The
Latrobe Group occurs at or near the surface around the basin margin but is
buried up to 1,000 metres at Loch Sport. Its offshore extent (see page 59) is
deeply buried beneath a thick limestone formation and contains oil and gas
fields.

The Latrobe Group receives direct recharge from rainfall or river leakage around
the basin margin where it occurs near the surface. Slow leakage from the
overlying sediments occurs where thick ¢oal and ¢lay aquitards are absent (see
lower middle aquitard page 41)
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Older Volcanics

In the west around Warragul, Thorpdale and Leongatha, the lower aquifer is
mainly the fractured basalt Clder Volcanics. In these areas the Clder Volcanics
oceurs at or near the surface where it receives direct recharge from rainfall. It
does not extend offshore.

Basement

In the north, the basement occurs at the surface forming the Great Dividing
Range and comprises mainly siltstone, sandstone, claystone and granite. In

the south, the basement occurs at the surface forming the Strzelecki Ranges
and comprises sandstone and siltstone. In the mountain ranges, the basement
acts as a low yielding, fractured rock, watertable aquifer. Where it is buried by
sedimentary basin, the basement acts as an aquitard with confined reservoirs of
water, oil and gas.
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Observations

The lower aquifers occur at or near the surface in the west and
around the basin margin, where they receive direct recharge from
rainfall or river leakage.

The lower aquifers dip downwards around the centre of the basin
and near the coast, becoming thicker, up to 1,000 metres and
more deeply buried. They also extend well offshore.

The basement occurs at the surface in the north {(forming the
Great Dividing Range) and in the south {forming the Strzelecki
Ranges).

The basement dips downwards around the centre of the basin
where it is overlain by the lower, middle and upper formations.

s Bairnsdale
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1500 m

Aquifer structure

Depth to the top of the lower aquifer {(Latrobe Group)

Light shading shows where the lower aquifer ocours at or near the surface and dark shading shows where it occurs deeper (eg overlain by other aquitards and
aquifers).

2000 m
Cross section A-B

Created from map on left showing the lower aquifers and basement.
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Salinity, yield and temperature

The lower aquifers have very low salinity and areas of very high
vield, particularly in the Latrobe Valley and coastal areas.

The lower aquifers are very high yielding, low salinity and The lowest yielding areas occur around the basin margin and in the north of the
have warm temperatu res at depth They are an important Latrobe Group. Qutcropping areas in the highlands near Swifts Creek and north

; o . . of Dargo have relatively low salinity but the yields are very poor. Although not
resource for industry and agribusiness, particularly i ! Y A aH e

shown on these maps the yield is very low in the basement, which effectively Yield is lower around the basin margin but the salinity is still

around Stratford and Yarram. acts as an aquitard. suitable for most uses.
The Latrobe Group aquifer that occurs throughout the Latrobe Valley and alon i o

. . paq . . g : . Y g The temperature of the groundwater in the Latrobe Group ranges from 30°C Stratford and Yarram groundwater management units cover the
the coast is a thick sandy formation with a very high yield (up to 100 L/s). to 70°C but may be greater at depth or due to local heat sources. These e i Wi $hic Best ealirlty and viels
Salinity is generally less than 1,000 mg/L and relatively fresh groundwater is temperatures make it suitable for heating and aquaculture. Lo
known to extend well into Bass Strait. . . . .

It is estimated that the onshore part of the lower aquifers contains The basement is very low yielding and acts mainly as an aquitard.

Groundwater in the Clder Volcanics around Warragul, Thorpdale and Leongatha approximately 70,000 GL of groundwater.

also has low salinity and is suitable for most uses. The yield here is lower but is
still relatively high compared with the upper aquifers.
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Movement of groundwater

Groundwater in the lower aquifers and basement

generally flows towards the coast and continues offshore.

Flow systems

Local and intermediate flow systems with travel distances of less than 30 km
occur in the Clder Voleanics outerop areas around Warragul, Thorpdale and
Leongatha and where the basement outcrops in the Strzelecki Ranges and the
Great Dividing Range. In these areas, groundwater discharges to springs and
feeds streams.

Regional flow systems with long travel distances (greater than 30 km) occur
where the lower aquifers (mainly the Latrobe Group) and basement are deeper.
Groundwater flows from the areas of high elevation at the basin margin towards
the coast. The Strzelecki Ranges act as a barrier forcing flow from the north
towards the Gippsland Lakes. This groundwater may take up to thousands of
years to discharge offshore.
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Although the basement is very low yielding and generally acts as an aquitard,
it contains groundwater that moves very slowly in a regional flow system. Its
groundwater flows from the highest areas of the Great Dividing and Strzelecki
Ranges to lower areas.

Recharge

The lower aquifers mainly receive recharge from rainfall and stream leakage
around the basin margin as well as leakage from overlying sediments.

Pressure

Pumping in the Latrobe Valley mines has caused a change in pressure in the
lower aquifers. This has resulted in & local cone of depression that draws flow
westward from Rosedale. This is illustrated on the map below.
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Groundwater elevation and flow direction in the lower aquifers

Observations

The overall direction of groundwater flow in the lower aquifers and
basement is from the highlands or basin margin towards the coast.

Local flow systems occur where the lower aquifers and basement
are at or near the surface. These systems discharge to rivers and

streams.

Intermediate flow systems occur where the lower aquifers and
basement are near the surface. These systems discharge to
streams and other aquifers.

Regional flow systems occur where the lower aquifers and
basement are buried deeper. These systems discharge offshore.
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Environmental dependence

The lower aquifers and basement receive direct rainfall recharge
where they occur at or close to the surface.

Unconfined, fractured rock in the lower aquifers and the Groundwater pumping
basement interact strongly with streams in the highlands.  Groundwater extraction can affect stream flows where the fractured rock

The lower sand aquifer (Latrobe Group) rises to the aquifers occur at or near the surface around Warragul, Thorpdale and Groundwater interacts with surface water in these areas and may
surface in small areas where it interacts with surface Leongatha. However the volume of stream flow intercepted by catchment dams contribute to high value ecosystems.
; and large storages is much greater than the volume pumped from hores.
environments.
Regional groundwater declines in the lower sand aquifer may affect the Tarra The impact of groundwater pumping on baseflow to the Tarra River
Baseflows and ecosystems River near Yarram. It is estimated that the average annual baseflow in the is being investigated.
) ) ) Tarra River is 13% or 5 ML/day less now that it was in the 1950s when records
Spring flows from the basement contribute to ecosystems (rivers) across the , , , L ;
. ; o started. A new observation bore has been drilled near the Tarra River to better Large storages and farm dams have a more significant impact on
highland areas in the north and east. Some of these ecosystems are 'Heritage , , ;
understand the relationship between surface water and groundwater. stream flows than groundwater pumping.

Rivers' (eg the Thomson, Mitchell, Snowy, Bemm and Genoa Rivers) and are
in very good condition. High value coastal ecosystems may partially rely on the
contribution of baseflows to streams (eg Corner Inlet, Gippsland Lakes).

Licensed groundwater use in the basement areas is rare because the yield is
very low and most of the basement areas occur in state and national parks.
Large dams such as Blue Rock, Thomson and Glenmaggie have a much greater
impact on stream flows than groundwater pumping.

Thowpdale dams and springs
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Groundwater and the environment This map shows a high number of farm dams on the spring fed streams near
This map shows the region's major rivers crossing areas where the lower aquifers (light blue/green) and basement {brown} occur at or close to Thorpdale in the Strzelecki Ranges, indicating groundwater interaction. It is
the surface. Groundwater licences in the lower aquifers and basement are also shown (pink dots). White areas show where the lower aquifers probable that many of the dams are fed by springs that flow through the dry

and basement are deeply buried by shallower aquifers. months. There are few bores in this area.
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Water balance

Water balances have been estimated for the lower
aquifers and basement combined and separately for the
Latrobe Group (main lower aquifer).

The diagram below shows the elements of the water balance for the lower
aquifers and basement. The lower aquifers and basement receive direct rainfall
recharge where they occur at the surface in the highlands and around the basin
margin. There is likely to be some leakage in both directions between the lower
and shallower aquifers but the rate is uncertain. Some horizontal groundwater
flow between the basement, lower and shallower aquifers is also likely.

Groundwater discharge to streams occurs from the fractured rock basement in
the highlands and where the lower aquifers outcrop. Extraction occurs onshore
and offshore. Natural discharge also occurs offshore. Not all of the elements
in the diagram below have been included as part of the water balance studies
completed to date.

Recharge Discharge

l to streams

Extraction

The graph below shows the water balance for the Latrobe Group aquifer only.
This aquifer is influenced onshore by industry (primarily mining) and irrigation
and offshore by oil and gas extraction (see map on page 59).

Latrobe Group water balance
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100 I Offshore extraction
L Il Offshore discharge
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Overall the estimated recharge to the Latrobe Group aquifer is lower than
current extraction causing a deficit of 60,000 ML/yr.

The negative water balance means that this aquifer has been losing water in
the long term, which suggests that groundwater storage has been decreasing.
This is consistent with the groundwater level trends in many parts of the lower
aquifers and basement (see page 57).

Although the Latrobe Group aquifer is estimated to have a negative water
balance, this is not true for other parts of the lower aquifers, such as the Older
Volcanics around Leongatha. Groundwater levels are not declining in this area.

Offshore Fluid Extraction

Basement

Leaka ge\

Discharge -

Observations

The water balance of the basement and lower aquifers combined
is influenced mostly by rainfall recharge across the very large
areas of basement outcrop and baseflow to rivers.

The water balance of the Latrobe Group aquifer is influenced
mostly by recharge (rainfall and leakage) and offshore extraction.

The Latrobe Group (main lower) aquifer is estimated to have been
losing water (45-60 GL/year) over the past two to three decades.

The graph below shows the major inputs and outputs to the lower aquifers and
basement. Most of the recharge is from rainfall and most of the discharge is
as baseflow to rivers due to the extensive basement outcrop across Gippsland.
Recharge and discharge in the basement and Older Volcanics is via local and
intermediate flow systems (see page 54). This clearly shows the importance of
spring flows from the highlands to the region’s rivers. Recharge is significantly
higher than in the previous graph because of the much greater area of
basement outcrop across the region.

Lower aquifers and basement water balance

Il Leakage/Throughflow in
' Onshore mine dewatering
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The basement is not estimated to have a negative water balance or declining
groundwater levels.

NOTE: The two water balance graphs on this page are not directly comparable as they
were completed for different purposes and using different methods. However, they are

useful for comparing the relative sizes of each component within an area or aquifer.
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Regional trends

The two main formations in the lower aquifers and basement
(Latrobe Group and Older Volcanics) show very different behaviour
over time.

Groundwater levels in bores in the fractured basalt of the Older
Volcanics show seasonal patterns similar to the upper aquifers.

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 r
00 -20 Observation bores in Yarram and Bairnsdale show a remarkably O
similar rate of decline (1 m/yr) despite the large distance between E
the bore sites.
. S
The hydrograph at left shows depth to groundwater below ground surface in the
A6 lower aquifers and basement at specific bore locations together with rainfall. m
The map below indicates the regional trend observed from all monitoring Q
bores for each GMU. Bores in the Leongatha and Moe GMUs are in the Older :
Volcanics. Bores in the Yarram and Stratford GMUs are in the Latrobe Group. .
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300 A -cé —_—
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Key
[ stable
|:| Declining
I ,
100+ | ‘ . .
— 'I ; > ‘ 1 30 === |Moe GMU: Bore 107971 is located near Moe. Shows groundwater levels
] o s | : 1 . of B fell during dry period in late 1990s and recovered but are falling slowly.
I " . 1' l I ‘ | Leongatha GMU: Bore 71148 is located north east of Leongatha. Shows
: : ’ ‘r‘ seasonal rise and fall but no longer term trends. This is typical of water
table aquifers.
0-+ 40

e==s Yarram GMU: Bore 110726 is located near Yarram away from irrigation
Hydrographs from all monitored State Observation Bores are available on the Southern Rural Water website www.srw.com.au bores. Shows long-term declining trend. No seasonal influences observed
indicating that the cause is regional.

== Stratford GMU: Bore 47063 is located near Bairnsdale away from
irrigation bores. Shows long-term declining trend. No seasonal influences
observed indicating that the cause is regional.
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Users and usage

Agribusiness and industry are the major users onshore.
Offshore oil and gas activities also intercept the lower
aquifers but do not require a groundwater licence.

Licensed users

Agribusiness and industry are the major licence holders in these aquifers.

There are urban licences in Yarram, Leongatha groundwater management units
(GMUs) and in the unincorporated area at Mallacoota. The mining industry is the
major users of the Stratford GMU.

Agribusiness 49%

Industry 47%

Domestic & Stock 2%

Urban 2%

The largest licence is in Stratford GMU and is used for mine depressurisation. In
comparison, licences in the Leongatha and Moe GMUs are typically small.

Number of Average licence Largest licence
licences size (ML/yr) (ML/yr)
Leongatha 33 56 715
Moe 96 42 721
Stratford 9 3,776 13,614
Yarram 92 279 2,640
UA 67 46 400

The volume of fluids taken offshore is approximately 100,000 ML/yr. This does
not require a licence.

Domestic and stock users

There are approximately 1,000 bores registered for domestic and stock (D&S)
use that use around 1,300 ML/yr.

The environment

Springs and vegetation may interact with groundwater in the fractured rock
outcrops of the Great Dividing and Strzelecki Ranges where the connection
between the aquifers and the surface environment is strongest. Stream
interaction may also occur where the Latrobe Group sands rise to the surface
around the basin margin in the area north of Yarram and around the flanks of
the Latrobe Valley.

Licensed usage

The Stratford and Yarram GMUs account for approximately 75% of licensed
entitlement. There are a small amount of unallocated groundwater entitlements
in the Moe and Leongatha GMUs. Surface water interaction and existing
interference issues restrict further allocations.

67,662 61,808 41,640

TOTALS (ML/yr)

Entitlements in unincorporated areas are included in this table. PCVs do not apply to unincorporated
areas.

A high proportion of entitlements are used to depressurise mines in the
Stratford GMU. The mining licences vary over time based on a model that
estimates how much depressurisation is hecessary to enable mining. This may
need to be reviewed if the demand for coal changes.

I PCV

~ Entitlements (GL/yr)

Il Average usage (GL/yr)
R

30

Volume (GL/yr)

Yarram

Stratford

Leongatha Moe

Sustainable use

Pumping from the lower sand aquifer (Latrobe Group) exceeds its rate of
recharge. This is causing signhificant groundwater decline. The decline in the
Latrobe Valley is caused by mine depressurisation. Declines along the coast
have been attributed to offshore extraction. As a consequence licensees in the
Yarram and Stratford GMUs received an assistance package to replace their
bores or failing pumps. These aquifers may recover when offshore pumping
stops.

Interaction with the upper and middle aquifers occurs in recharge areas and

in areas where there is upward pressure in the lower aquifers. This means that
allocation and usage in upper formations impacts and is impacted by the lower
aquifers.

Sustainability in the Latrobe Group is impacted by several factors: dewatering
for minerals and energy development; the impact of falling groundwater levels
on other users (eg the high cost of sinking deeper bores); the impact of pumping
on the streams that flow across the sand outcrops at the basin margin; and
whether the aquifer can recover once mineral and energy operations reduce or
stop.

Observations

The lower aquifers are a very important resource for industry and
agribusiness.

Management of this resource needs to take account of onshore
and offshore extraction.

Yarram GMU has the best potential for trading. The Stratford GMU
has the highest licence volume but few entitlements are available
for transfer.

The Older Volcanics aquifer near Warragul, Thorpdale and Leongatha discharges
groundwater to streams that are under stress due to surface water diversions.
This means that any further allocation, transfer of licences and increase in
pumping patterns need to be carefully managed.

Value

The table below shows estimates of the annualised gross value of groundwater
for different uses. This emphasises the relative importance of these aquifers for
D&S, and agribusiness uses.

The value derived from the Stratford GMU (Latrobe Group) due to industry in
the Latrobe Valley greatly exceeds the other GMUs. Where the Latrobe Group
occurs close to the surface in the Yarram GMU provides a valuable resource for
agribusiness.

e e e )

Leongatha 122,000 360,000 361,000 254,000
Moe 129,000 968,000 0 220,000
Stratford 63,000 36,000 0 86,207,000
Yarram 392,400 10,970,000 1,431,000 4,292,000
UA 491,000 3,825,000 836,000 473,000
TOTALS 1,198,000 16,159,000 2,628,000 91,445,000

Source: RMCG 2011

D&S value based on cost to replace bore.

Agribusiness value based on farm gate value.

Urban and industrial value based on cost of alternative supply.
Table does not include Unincorporated Areas.

Future development

Groundwater regulation does not allow for substantive new licences from the
lower aquifers. A large proportion of the licence volume is held in the Latrobe
Valley mines. This volume is required for dewatering mines and is not available
to new users through trading. The greatest opportunity is through trades from
the Yarram GMU because it has a greater number of licences and unused
entitlement than elsewhere. The demand for minerals and energy resources
may stimulate groundwater exploration and trades.



Current and emerging

The lower aquifers and basement are used intensively by
the energy and agricultural sectors. These aquifers have
a relatively high storage capacity but the rate of recharge
is less than the rate of extraction.

The map below shows the distribution of mapped coal fields, oil and gas fields,
groundwater licences and forested areas. These areas are where current and

future competition between users is most likely to occur (see pages 24 and 25
for more information about the energy resources of Gippsland).
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iIssues

Regional issues
* Ongoing regional groundwater level decline in most areas (see page 57)
* Potential sea water intrusion due to aquifer depressurisation

* Potential cross-aquifer contamination due to faulty or poorly constructed
bores

* Potential groundwater contamination due to new techniques to extract
energy resources

* Land subsidence due to aquifer depressurisation
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This map shows the forested areas (native forest and plantation) and fossil fuel resources in the lower aquifers and

basement. Groundwater licences in the lower aquifers are also shown.

Observations

Intensive extraction in the lower aguifers and basement has led
to ongoing declines in regional groundwater levels and aquifer
depressurisation.

The lower aquifers are being explored for coal, coal seam gas,
natural gas and oil development.

Very deep basement aquifers are a future target for geothermal
energy and carbon sequestration,

The complex groundwater management issues for these deep
aquifers require coordinated planning and administration.

These issues are very complex and require a cooperative management
approach. The investigations and monitoring required are expensive due to the
large area and depth covered. The Gippsland Sustainable Water Strategy sets
out a whole-of-government approach that reduces duplication and coordinates
the requirements of the regulating agencies.

The energy and mineral industries are typically regulated by multiple agencies.

Basement development potential

The basement mainly acts as an aquitard; however it has confined reservoirs of
water, oil and gas. These deep reservoirs (which occur up to several kilometers
below the surface) are potential targets for geothermal energy and carbon
sequestration. The potential impact of such activities on the overlying aquifers is
limited by the great depth and confinement of these reservoirs.

Permissible consumptive volumes restrict access to these reservoirs hecause
they apply to all depths. The State government and relevant agencies are
working together to revise groundwater management boundaries so that these
very deep basement aquifers ¢can be managed appropriately and separately to
the water supply aquifers.
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Sources

ANZECC, 2000, Water Quality Guidelines.

Bureau of Meteorclogy

Bureau of Meteorclogy, 2012, National atlas of Groundwater Dependent Ecosystems
CSIRO, 2004, Falling water levels in the Latrobe aquifer, Gippsland basin

Denison PAY report, SKM, 1998

DPI, Land use data

DPI website, Water Quality for Farm Water Supplies

Draft Giffard PAY report, SKM, 1999

Draft Rosedale PAV report, SKM, 19899

DSE, 2000, Landsat

DSE, 2010, GDE mapping

DSE, Ensym project

GHD, 2010, East Gippsland CMA Groundwater Model (for DSE EcoMarkets)

GHD, 2010, West Gippsland CMA Groundwater Model (for DSE EcoMarkets)

Gippsland Ground Elevation Menitoring Survey Update, DPI, 2006

Gippsland Sustainable Water Strategy, DSE, 2011

Groundwater Online (http://groundwater.gecmatic.com.au/Main.aspx)

Groundwater Snapshot - Scuthern Victeria, Coffey, 2008

Latrobe Valley Coal Mines Annual Reports

NHMRC, 2011, Australian Drinking Water Guidelines

Peter Dillen et al. Managed aquifer recharge: An Introduction Waterlines Report Series No. 13, February 2009
Peter H. Gleick (editor), 1993, Water in Crisis: A Guide tc the World's Fresh Water Resources
Reem Freij-Aycubet CSIRO Petroleum Report , 2007, Simulation of Coastal Subsidence and Sterm Wave Inundaticn Risk in the Gippsland Basin.
Reid, 2004 Audit of Permissible Annual Yolumes for 35 Victerian Greundwater Management Areas
RMCG 2010, Value of Services to Southern Victoria

Sale PAV report, SKM, 1998

SKM & DNRE, 2001, Gippsland Subsidence Modelling, Yarram

SKM & DNRE, 1998, Risk analysis for possible subsidence aleng the Gippsland coast

SKM & GHD, 2009 (updated 2012), Hydrogeclogical mapping of scuthern Victoria

SKM, 1988, varicus Permissible Annual Volume reports

SKM, 2004, Yarram Artificial Recharge Study - Feasibility Assessment

SKM, 2005, Investigation of groundwater/surface water interaction in the Avon River catchment
SKM, 2008, Mitchell River REALM Update

SKM, 2008, Sale Groundwater Management Area - Groundwater Rescurce Appraisal

SRW, 2007, MID 2003 Discussicn Paper

SRW, 2012, Coal Seam Gas fact sheets (www.srw.com.au)

Tarwin PAY report, SKM, 1998

Wa De Lock PAV report, SKM, 1988

Walker & Mollica, 1990 Review of the Groundwater Rescurces in the Scuth East Regicn
Water Register 2012 (http://waterregister.vic.gov.au/Public/GroundWater.aspx)

Wy Yung PAV report, SKM, 1988

Photography supplied by: Alison Pouliot, Piers Buxten and Liam Murphy

Further weblinks that may be of interest can he found cn page 4.
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