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Glossary

Note: these terms are presented in the context that they are used for groundwater.

Term

Abandoned bore

Description

A bore, which is no longer used and has not been decommissioned.

Annulus

The space between the bore casing and borehole, or between bore
casings.

Aquifer

Under the Water Management Act 2000 an aquifer is a geological
structure or formation, or an artificial landfill that is permeated with
water or is capable of being permeated with water. More generally, the
term aquifer is commonly understood to mean a groundwater system
that can yield useful volumes of groundwater. For the purposes of
groundwater management in NSW the term ‘aquifer’ has the same
meaning as ‘groundwater system’ and includes low yielding and saline
systems.

Aquitard

A confining low permeability layer that retards but does not completely
stop the flow of water to or from an adjacent aquifer, and that can store
groundwater but does not readily release it.

Artesian

Groundwater which rises above the surface of the ground under its own
pressure by way of a spring or when accessed by a bore.

Artesian bore

A bore that taps into an aquifer, which is under pressure. This pressure
allows water to rise to the surface naturally, without the need for

pumping.

Bore (or well)

A hole or shaft drilled or dug into the ground to access groundwater.

Bore failure

The condition of a bore once it becomes unserviceable to the point of
requiring refurbishment, replacement, or decommissioning.

Casing

A tube used as a temporary or permanent lining for a bore.

Cement grout

A fluid mixture of cement and water of a consistency that can be forced
through a pipe and placed as required.

Cementing The process of placing grout into the annulus around the casing to
provide a permanent seal. Is also known as grouting.

Discharge Flow of groundwater from a groundwater source.

Free flow Unrestricted discharge from an artesian bore.
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Groundwater

Water that occurs beneath the ground surface in the saturated zone.

Groundwater
dependent
ecosystem (GDE)

Ecosystems that require access to groundwater to meet all or some of
their water requirements to maintain their communities of plants and
animals, ecological processes, and ecosystem services.

Headworks

The part of a bore that protrudes at the ground surface to protect bore
integrity at the surface by effectively capping the bore to protect the
aquifer and control the flow of water.

Hydraulic head

The height of a water column above a defined point, usually expressed in
metres.

Integrity

Integrity refers to the condition of a bore that guarantees the
effectiveness of its barriers to control flow of water. These barriers are
crucial for the secure containment and management of water in and
around the bore. Integrity failure occurs when these barriers do not
prevent the movement of water between different aquifers or from the
aquifer to the surface.

Monitoring bore

A specially constructed bore used to measure groundwater level or
pressure and groundwater quality at a specific depth. Not intended to
supply water.

Piezometric or
Potentiometric head

The pressure or hydraulic head of the groundwater at a particular depth
in the ground. In unconfined aquifers, this is the same as the water table.

Porous rock

Consolidated sedimentary rock containing voids, pores, or other
openings in the rock (such as joints, cleats, and/or fractures).

Regulated bore

An artesian bore from which the groundwater flow is controlled, and the
water delivered to properties via watertight pipe system.

Sedimentary rock

A rock formed by consolidation of sediments deposited in layers, for
example sandstone, siltstone, and limestone.

Standing water level

The standing water level in a bore refers to the depth at which water
stands in the borehole when it is not being pumped. This measurement is
taken from a reference point, usually the top of the bore casing, down to
the water surface. Positive values indicate the water level is below the
reference point, while negative values mean it is above the reference
point.

Water sharing plan

A plan made under the Water Management Act 2000 which set out the
rules for sharing water between the environment and water users within
whole or part of a water management area or water source.
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Water source Defined under the Water Management Act 2000 as “The whole or any
part of one or more rivers, lakes, or estuaries, or one or more places
where water occurs naturally on or below the surface of the ground and
includes the coastal waters of the State. Individual water sources are
more specifically defined in water sharing plans.

Yield The amount of water that can be supplied over a specific period.

Unrestricted bore An artesian bore that allows water to flow freely to the surface without
any regulation or control. The unrestricted bores flow uncontrollably into
bore drains or to the surface as there is no infrastructure to control the
bores.

Unregulated bore An artesian bore that has headwork infrastructure to control water flow
to the surface, but flow is either not controlled or partially controlled due
to concerns on compromising bore integrity and delivery of water.
Unregulated bore usually delivers water through open pipe system.
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1 Introduction

The Great Artesian Basin (GAB) is Australia’s largest groundwater basin, spreading across 1.7 million
square kilometres of New South Wales (NSW), Queensland, South Australia, and Northern Territory,
or approximately 22% of Australia. The GAB underlies 207,592 square kilometres of New South
Wales and hereafter it is referred as NSW Great Artesian Basin (NSW GAB) in this report.

The NSW GAB is managed as five groundwater sources. These five groundwater sources are the
Eastern Recharge, the Southern Recharge, the Surat, the Warrego, and the Central Groundwater
Sources (Figure 1).

The GAB is comprised of sedimentary rock layers that form aquifers and aquitards containing
groundwater that is mostly under artesian conditions. Artesian bores are widespread in the Surat,
Warrego, and Central Groundwater Sources, but a few artesian bores are also found in the western
margin of the Eastern and Southern Recharge Groundwater Sources.

2 Background

Over 8,500 bores have been drilled in NSW GAB groundwater sources since commencement of
exploration of groundwater in the NSW GAB in late 1870s. On completion of drilling, more than 1,300
bores produced artesian water supply, but approximately five hundred bores ceased to flow at some
stage after drilling (Figure 2).

Many bores drilled before mid-last century were allowed to flow uncontrolled. The water was
distributed through open bore drains to many properties for pastoral use. The volume of water
flowing from these bores was much greater than that required for use by the pastoral industry. The
consequent decline of pressure in the aquifers has led to many artesian bores and springs to cease
flowing across the GAB.

Implementation of Cap & Pipe the bores programs over the last three decades has resulted in
pressure increases within the NSW GAB. This has led to a situation where a few bores which
previously ceased flowing, recommenced flowing in some areas. Many artesian bores are ageing,
and the structural integrity of several bores is compromised. This can result in cross aquifer
contamination and water wastage through leaking head works, which require attention through
future water infrastructure efficiency programs.

To facilitate the future water infrastructure efficiency projects, three phases of bore survey
program were conducted between 2018 and 2022 across the NSW GAB to gather information on the
condition of ageing artesian bores and the bores that are expected to recommence flowing. During
these three phases of bore survey program, total 860 bores were visited.

In 2018, Klohn Crippen Berger (KCB) was engaged to prepare pressure surface maps and risk
assessment on all GAB bores that have a potential to be in artesian conditions in 2048. Although
KCB proposed a methodology for bore integrity risk assessment, the risk assessment was initiated
but not completed for all potential bores due to insufficient bore survey information available at that
time. Consequently, this report presents a fresh risk assessment that integrates findings from the
completed bore survey and a new approach to rank the bores based on their risk levels.

Bore Integrity Risk Assessment 8
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Figure 1 NSW Great Artesian Basin Groundwater Sources
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Figure 2 Current status of the bores that produced artesian water supply on completion of drilling.
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3 Review of existing information

The methodology adopted in the NSW GAB Bore Integrity Assessment (Klohn Crippen Berger, 2018)
has been reviewed to identify a methodology suited for this risk assessment. In addition, the list of
bores used in the KCB 2018 assessment has been reviewed to identify its suitability for risk
assessment.

GAB Bore Survey data and the groundwater data information available in the NSW government
corporate databases have also been reviewed for selection of bores for this assessment.

3.1 NSW GAB bore integrity assessment

The NSW GAB Bore Integrity Assessment (Klohn Crippen Berger, 2018) analysed the Great Artesian
Basin Well Condition Review (DEWNR, August 2015) of South Australia and suggested using bore
age and flow volume as primary risk assessment attributes for the artesian bores in the NSW.
Additionally, it advised including sub-artesian bores with the potential to become artesian in future
for assessment.

3.2 Bore survey data

Geospatial Australia Pty Ltd (Geospatial Australia) and Streamline Hydro Pty Ltd were the
contractors engaged to conduct survey of water supply bores between 2018 and 2022. Geospatial
Australia compiled the information collected during the bore survey. This included landholder
reports, observational data, photographic evidence, and results from pressure, flow, and water
quality assessments.

Landholder reports for the surveyed bores were compared with the photos and field notes supplied
by the contractors for the reliability of information. Unreliable survey information for the bores was
referred to Geospatial Australia for further clarification. This ensured that a quality assured survey
data could be uploaded into NSW corporate groundwater database (Hydstra) and the reliable survey
data could be used in the bore integrity risk assessment.

Although 860 bore sites were visited during the bore survey, only 776 bores were deemed suitable
for this assessment with sufficient information. Another seventeen surveyed bores were plugged
after the survey, these were excluded from the bore integrity risk assessment.

Integrating the latest bore survey data into the NSW GAB Bore Integrity Assessment (Klohn Crippen
Berger, 2018) is a critical step in ensuring the accuracy and relevance of the risk assessment
process. This approach offers a more current and evidence-based perspective of bore conditions
and enhances the comprehensiveness of the risk assessment.

3.3 Corporate databases

Review of existing bore information in the corporate databases is crucial for understanding and
managing the potential risks associated with artesian and sub-artesian water supply bores in the
NSW GAB. Analysis of all available data (from the older database Groundwater Data System and

Bore Integrity Risk Assessment 11



current Hydstra database) identified active water supply bores that are currently flowing, have
ceased to flow, or may flow in the future. The analysis excluded irrelevant bores, such as monitoring
and plugged bores, as well as those incapable of becoming artesian, from the risk assessment.

The standing water level in sub-artesian bores is crucial for assessing their potential to become
artesian. Historical data on standing water levels, before the notable pressure rebound in the late
1990s, may skew predictions of future water levels. Therefore, only the sub artesian bores with
standing water levels post 1980 were considered for further assessment.

The database review revealed a requirement for integrity risk assessments on additional 746 bores
that were not surveyed before.

4  Processing bore data for assessment

Processing the bore data is crucial in analysis and to ensure the data is accurate, consistent, and
ready for the risk assessment. The processed data have been organised into a spreadsheet for
direct application to the risk assessment process. Several tasks completed are outlined in
chronological order in the sections below.

41 Selection of bores

A total of 1,522 bores (Table 1) have been chosen for risk assessment, utilising data from bore
surveys (section 3.2) and corporate records (section 3.3). This selection encompasses all active
water supply bores with a history of artesian conditions and those sub artesian bores likely to
become artesian in the future.

Table 1 Number of bores and the basis of selection for integrity risk assessment

Number of Number of bores Number of sub
Source of data . .
artesian bores ceased to flow artesian bores
Bore survey 405 259 12 776
Corporate database 290 196 260 746
Total 695 455 372 1,522

4.2 Type of bores

Artesian bores have been categorised by flow status into three broad types: unrestricted,
unregulated, and regulated artesian bores:

1 Unrestricted bore (Figure 3): Groundwater flow is uncontrolled into bore drains as there is no
infrastructure present to control flow.

1 Unregulated bore (Figure 4): Groundwater flow is either not controlled or partially controlled
to deliver water through open pipe system or to drain.

Bore Integrity Risk Assessment 12



1 Regulated bore (Figure 5): Groundwater flow is controlled and delivered to properties via
watertight pipe system.

Figure 4 Unregulated artesian bore.

Bore Integrity Risk Assessment
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Figure 5 Regulated artesian bore.

All other bores are classified as sub-artesian (not flowing at all). Each bore is allocated to a specific
groundwater source from which it draws water. Table 2 shows the count of bore types in each
groundwater source. In the subset of artesian bores, thirty-seven have been classified as abandoned
and are no longer operational.

Table 2 The count of bore types in each groundwater source.

Type of bore Groundwater Source
Warrego Central Southern Eastern
Recharge Recharge

Unrestricted 84 79 12 7 -
Unregulated 54 29 5 1 1
Regulated 267 113 29 6 8
Sub artesian 273 221 97 122 14
Total 678 442 143 136 123

4.3 Bore age risk profile

Over time, and under varying operational and environmental conditions, bores may degrade,
compromising their intended performance. The casing material used in the bore construction also
plays a role in the deterioration. The corporate databases do not specify the casing materials for the

Bore Integrity Risk Assessment 14



bores, but mild steel was primarily used, with a shift to stainless steel in recent decades. The steel
casing lifetime is typically between 20 and 50 years (DEWNR, August 2015).

In NSW, it is mandatory for all artesian bores drilled after 1965 to have a grout seal between the
borehole and casing, as well as distribute the water through closed pipe system. This regulation
ensures the prevention of water wastage and cross contamination of aquifers and protects the
casing from corrosion. However, bores constructed before 1965 typically lack this protective grout
seal.

Bore age and grout seal integrity are key determinants of bore failure. Consequently, an age risk
profile for all bores was generated using the date of completion of bores (Table 3).

Table 3 Bore age risk profile and number of bores in each risk class.

Age risk profile Construction Artesian Sub artesian

year

Low Post 2000 12 39 151
(age to 50 years in 2050)

Medium 2000 - 1990 48 77 125

(continue to deteriorate)

High 1965 - 1990 82 19 201

(replacement likely)

Prior to 1965 453 592 1,045

4.4 Headwork conditions

Installation of headwork on an artesian bore is essential to maintain its structural integrity,
safeguard the aquifer, regulate water flow, and minimise water wastage.

Unrestricted artesian bores typically lack headworks or have headworks without main isolation
valve, while regulated bores include a main isolation valve to control flow. However, the main
isolation valve in unregulated bores may be seized or inoperable, often due to concerns on
compromising the bore integrity.

Inadequate maintenance of headworks can result in bore integrity issues, lengthy repairs, and water
supply interruptions. Signs of headwork degradation include water spray, drip or leaks from the
headwork or distribution system.

The survey records of all 405 artesian bores were analysed by examining the presence and
condition of headworks, main isolation valves, and any signs of water leakage. This analysis helped
to identify bores with integrity failure and the bores that may be at risk of failure in the future. Table
4 shows the number of surveyed artesian bores with headworks and its condition. It is noted that 113
unrestricted artesian bores do not have headworks, hence those are not included in the Table 4.
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Table 4 Number of surveyed bores and its headwork condition

Type of bore Headwork present Leaky headwork Seized main valve
Unrestricted 28 2 -
Unregulated 68 12 19
Regulated 196 15 16
Total 292 29 35

4.5 Water ponding

A review of 766 bore survey records and another non-surveyed bore GW040870 (Beanbah No 3)
identified water ponding (Figure 6) primarily due to breaches in bore casings or subterranean bore
annulus seal failures. Bore GW040870 is already earmarked for plugging due to significant casing
breach causing extensive water ponding.

Groundwater ponding noticed around 138 bores (Table 5) is due to casing failure or compromised
bore annulus seals.

Figure 6 Water ponding due to breach in casing and bore annulus seal failure.

Bore Integrity Risk Assessment 16



Table 5 The count of bore types with water ponding.

Type of bore Number of bores with
water ponding
Unrestricted 92
Unregulated 37
Regulated 7
Sub artesian 2
Total 138

4.6 Boredrain and earth tank

Bore drains in the NSW GAB have historically been used to distribute water from artesian bores to
livestock and other uses. Bore drains imply significant discharge into the environment. Open bore
drains result in substantial water loss through evaporation and seepage. Uncontrolled flow from
bores into drains reduces the pressure within the basin, which leads to a decrease in the natural flow
of artesian springs and bores.

Temperature of groundwater from the NSW GAB ranges up to 72 degrees Celsius and requires
cooling for livestock use. Earth tanks, which are prevalent in the GAB, serve the dual purpose of
providing a watering point for animals and cooling the water to a suitable temperature for
consumption. The water from artesian bores directed into these earth tanks contributes to localised
environmental flow.

The survey data have been analysed to identify the unrestricted and unregulated bores that
discharge water into drains and earth tanks. Table 6 shows the number of unrestricted and
unregulated artesian bores that discharge water into bore drains or earth tanks.

Table 6 Unrestricted and unregulated artesian bores that discharge into bore drain or earth tank.

Unrestricted Unregulated
Bore drain 40 36 76
Earth tank 12 1 13

4.7 Discharge as free flow

Free flow refers to the uncontrolled release of water from an artesian bore. This occurs when the
bore's integrity is compromised or when a sub artesian well becomes artesian. Estimates of the
discharge volume for the period from 2024 to 2035 were estimated to assess the extent of such
incidents. These estimates consider only those bores that are currently artesian or have the
potential to become artesian, based on the latest measurements of hydraulic head levels post 1980.

Bore Integrity Risk Assessment 17



Estimates are prepared to prioritise bores for intervention based on the magnitude of failure. The
sections below outline how the free flow discharge volumes were estimated.

4.7.1 Head to flow ratio

In the NSW GAB groundwater sources, the flow and hydraulic head in artesian bores are not always
directly proportional. However, within local clusters, they exhibited a consistent ratio. Analysis of
survey records provided an average head-to-flow ratio (head/flow) for bores across five distinct
groundwater sources (Table 7).

Table 7 Average head to flow ratio for groundwater sources.

Groundwater Source Head to flow ratio (head/flow),
m/L/s*
Eastern Recharge 15.047
Southern Recharge 13.527
Surat 5.895
Warrego 8.662
Central 3.051

*m/L/s = head (m) / flow (L/s)

4.7.2 Hydraulic head

Hydraulic head trends in artesian bores were analysed (Klohn Crippen Berger, 2018) for the purpose
of modelling future potentiometric head levels in the NSW GAB. The study divided the NSW GAB
into 2,500 km? grids (50 km x 50 km) to examine artesian bores' hydraulic head patterns. It
formulated a distinct polynomial equation for each grid to forecast future hydraulic heads.

The same polynomial equations were used to forecast head levels of bores that are in the respective
grid and have a latest head level record post 1980. Records post-1980 were selected because head
recovery trends were typically observed following the cap and pipe bore program initiated in 1990.
Consequently, data from this period or later, especially after 1980, is considered optimal for making
reliable future predictions using polynomial equations.

The forecast for hydraulic head levels in 2024 and 2035 covered 573 bores, comprising 463
artesian and 110 sub-artesian (Table 8). Then an average hydraulic head for each bore was
calculated for this period.

Bore Integrity Risk Assessment 18



Table 8 The count of bores used for determining the hydraulic head by groundwater source.

Groundwater Source Artesian bores Sub artesian bores
Eastern Recharge 10 13
Southern Recharge 9 7
Surat 277 53
Warrego 135 28
Central 32 9
Total 463 110

4.7.3 Estimation of discharge as free flow between 2024 and 2035

Discharge as free flow from each bore in the respective groundwater source is computed using the
formula below.
I OAORWARAO EBIARA ETABAOx AAtAT Ao OAA

OQw "ARO e A AOVEl DA GEGEROT 01 A0 ADBEAS A A

The calculation of discharge volume for sub-artesian bores is contingent on their potential to flow
by the year 2035 and the duration of flow.

The discharge estimates aim to rank the bores for timely intervention if they fail, focusing on the
volume of discharge.

5 Bore integrity risk assessment

Bore integrity depends on the quality of bore design and headworks, construction materials used
and the standard of cementing the annulus space between the casing and the hole. A failure of bore
integrity is a failure to prevent groundwater flow between aquifers and between the surface and the
aquifer. A bore integrity failure in the GAB can lead to decreased hydraulic head (pressure loss) and
flow rates, resulting in water loss and insufficient supply to groundwater dependent ecosystems
(GDE).

Bore integrity risk assessment involves evaluating the structural soundness and safety of bores by
applying a multi-criteria assessment approach. Each criterion is assigned a weight based on its
importance, ensuring a comprehensive analysis. This methodical assessment helps in identifying
potential risks and implementing measures to mitigate them, thereby ensuring the safety and
efficiency of operations.

Bore integrity risk assessment combines the likelihood of an event occurring with the consequence
of the event if it occurred, to provide an overall risk rating.
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The event is failure of the bore casing, headworks, and distribution system, resulting in uncontrolled
flow or unregulated flow at the headworks and various leaks throughout the distribution system
(Figure 7 and Figure 8).

Conseguence is what the event might lead to. Consequence of bore failure can result in significant
impacts, including disrupted water supply for extraction, diminished groundwater pressure and flow,
potential contamination between aquifers, and considerable water loss, affecting both bore
operations and environment.

Likelihood is the probability that an event is occurring or may occur. However, likelihood cannot
predict when failure occurs.

Figure 7 Integrity failure of unrestricted artesian bore.
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Figure 8 Integrity failure of unregulated artesian bore.

5.1 Likelihood criteria

This risk assessment uses four colour coded categories for likelihood criteria. The frequencies for
bore failure events are provided for each likelihood category in Table 9.

Table 9 Likelihood criteria

Likelihood Description
Low Rare - Bore failure unlikely to occur within 25 years
Medium Possible - Bore failure occurs within 10 to 25 years
High Likely - Bore failure occurs within 10 years
_ Almost certain - Bore failure occurs at least annually

5.2 Consequence criteria

Consequence criteria (Table 10) have four colour coded consequence levels for two causal risk
categories to the bore integrity. Operational disruption and environmental water discharge are often
due to bore failures, which serve as critical causal risk categories for the consequence criteria.

Operational disruption causes the lengthy duration of water supply interruptions for extractive uses.
Whereas environmental water discharge causes loss of aquifer pressure, land degradation, water
wastage and cross aquifer leakage.

Bore age is associated with the inherent two causal risks used in the consequence criteria.
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Table 10 Consequence criteria

Consequence level

Consequence criteria

Operational risk

Environmental risk

Low Distribution system failure for a brief | Minor dripping around headworks or
period. distribution system.
E.g. Regulated bores with functional | E.g. Regulated bores with no signs
isolation valve, sub artesian bores. of leak and sub artesian bores that
has no potential to be artesian in
future.
Medium Main isolation valve seizure or a Continuous spray around headworks
failure require fixing. or distribution system from failed
E.g. Regulated and unregulated fittings or cross aquifer leakage.
bores with seized main isolation E.g. Regulated bores with dripping
valve. around main isolation valve or
distribution pipe, and abandoned sub
artesian bores that ceased flowing
with no water ponding around it.
High Headwork failure at or below the Localised flow to the environment or
main isolation valve. loss of water pressure from
E.g. Regulated and unregulated unregulated and regulated flow.
bores with leak at or below main E.g. Unregulated bores that
isolation valve. discharge water to trough and on
ground tanks, regulated bores
without main isolation valve, all
bores with water ponding around it
and sub artesian bores that are
expected to flow in 2024.

Down hole casing failure.

E.g. Unrestricted bores and all bores
with water ponding around it.

Extensive flow to the environment or
loss of water pressure from
unrestricted or unregulated flow.

E.g. Unrestricted, and unregulated
bores that discharge water to open
drains and earth tanks.
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5.3 Risk assessment matrix

The risk assessment matrix is a crucial tool used in risk assessments to evaluate and prioritise risks
by considering the likelihood of occurrence against the consequence of an event. It is a look up table
for level of risks based on the levels of likelihood and consequence.

Over time, the aging of bore and its head infrastructure inevitably leads to potential failures.

Table ,

Table

High

Extreme

bore

were
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