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Executive Summary

Investigation of inter-aquifer The aim of this study is to investigate inter-aquifer leakage of

leakage in waterbores in the
Queensland and New South
Wales parts of the Great
Artesian Basin will allow
managers to estimate the
extent of leakage and
quantify the problem.

Geophysical logs, lithology
and existing bore
construction information
were used.

Results show that about 20
percent of the investigated
and logged bores have inter-
aquifer leakage.

Further work is required to
fully assess the incidence of
inter-aquifer leakage within
the Great Artesian Basin.

artesian waterbores in the Queensland and New South Wales
parts of the Great Artesian Basin.

Corroded bore casings in artesian waterbores provide
important pathways for inter-aquifer leakage. This leakage
generally takes place in waterbores which have not been
constructed to bore standards required and involves the
vertical movement of artesian groundwater from one aquifer
to another, higher aquifer. The results of the study will allow
an estimate of the extent of inter-aquifer leakage and quantify
the problem.

The study was carried out by desk-top studies and interpretation of
existing bore construction and artesian pressure information and
the interpretation of geophysical logs obtained for this study from a
number of waterbores in Queensland and New South Wales parts
of the Basin.

Bores to be investigated were selected on the basis of information
in Queensland and New South Wales databases, including long
term measurements and tests. In Queensland 9 out of the 65 bores
examined show inter-aquifer leakage, 26 bores show possible inter-
aquifer leakage and 30 bores do not leak. In New South Wales 10
out of the 31 bores investigated and logged show inter-aquifer
leakage, 8 bores show possible inter-aquifer leakage and 13 bores
do not leak. In total 19 out of the 96 logged bores show inter-
aquifer leakage.

Further work should be undertaken to fully assess the
incidence of inter-aquifer leakage of groundwater from
artesian waterbores. Detailed analyses, interpretation and
assessment of geophysical logs and comparison with existing
logs should be carried out and results shown in a common
format for the Qld and NSW bores. Future investigations of
the bores require a level of coordination between the State
authorities regarding the preparation and presentation of data
and results in a common format, which would assist
interpretation and access of the information. Estimates of the
spatial extent of inter-aquifer leakage and estimates of the
progress of corrosion of the bore casings could assist in
prioritising bore rehabilitation under the Great Artesian Basin
Sustainability Initiative (GABSI) program.
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Introduction

Inter-aquifer leakage occurs when groundwater moves, usually vertically, from one aquifer to
another aquifer. Inter-aquifer leakage is not usually evident at the surface, but it can cause
reductions in the artesian pressure and/or artesian flow of groundwater from waterbores.

In this report inter-aquifer leakage refers generally to the leakage of artesian (pressure)
groundwater from a confined aquifer to other aquifer(s) higher in the stratigraphic sequence.

Inter-aquifer leakage generally takes place in waterbores which have not been constructed to bore
construction standards required for the hydrogeological conditions in specific regions in the Great
Artesian Basin (GAB). Corroded bore casings in artesian waterbores provide important pathways
for the inter-aquifer leakage.

The present report deals with the results of desk-top studies and the interpretation of geophysical
logs obtained for this study from a number of bores (96) in the Queensland (65 bores) and New
South Wales (31 bores) parts of the GAB (Figure 1). Most of the bores tap the Pilliga Sandstone
aquifer in the Surat Basin and Coonamble Embayment in New South Wales and the Hooray
Sandstone aquifer (and some underlying aquifers) in the Surat Basin and Eromanga Basin parts of
the GAB in Queensland. Many of the bores logged show corrosion to various degrees.

About 20 percent of the bores investigated show inter-aquifer leakage, with about 35 percent
showing possible leakage and about 45 percent showing no leakage. More leaking bores appear to
be present in the Surat Basin and Coonamble Embayment parts of the GAB. The results of the
studies are to be used to estimate the extent of inter-aquifer leakage and quantify the problem.
Extrapolation of these results will provide an indication of the possible losses of artesian
groundwater across the GAB as a result of inter-aquifer leakage.

The inter-aquifer leakage by the way of the corroded bore casing of artesian waterbores might be
affected by the increased artesian pressures (partial pressure recovery) caused by the Great Artesian
Basin Sustainability Initiative (GABSI) bore rehabilitation program. Measurements and
identification of anomalous differences in artesian pressures and/or artesian flows from bores
within a region before and after extensive rehabilitation could be carried out in the region and
could identify leaking bores or bores at risk of leakage. A better understanding of the extent and
quantity of inter-aquifer leakage by corroded waterbores is of interest to the GABSI program.

Consultancy services by the Queensland and New South
Wales State water authorities

BRS engaged the Queensland Department of Natural Resources and Mines (QDNRM) and the
New South Wales Department of Infrastructure, Planning and Natural Resources (NSWDIPNR) as
consultants and requested the following consultancy services:

1. Identify by desk-top study based on bore hydrographs, shut-in pressure tests and local
knowledge up to 60 bores in the QId Great Artesian Basin (GAB) and up to 35 bores in
the NSW Great Artesian Basin (GAB) which are likely to be leaking laterally. The bores
should be a mix of flowing artesian waterbores and ceased to flow bores.

2. Geophysically log all bores identified in the final sieve of the desk-top study. Logs will
include flow meter, gamma, caliper, casing collar locator and temperature. At the
discretion of the project officer, a down-hole camera may be deployed in selected bores.
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3. Interpret geophysical logs and estimate the extent of inter-aquifer leakage in the Qld
respectively NSW GAB by extrapolation. Contribute to final report.

Hydrogeology of, and inter-aquifer leakage in, the Great
Artesian Basin

The GAB extends across 1.7 million km? or 22 percent of Australia, and underlies parts of the States
of Queensland, New South Wales, South Australia and the Northern Territory. The Basin underlies
arid and semi-arid regions which consist mainly of low-lying interior plains and are largely within
Awstralia's rangelands.

The discovery of the Basin’s groundwater resources around 1880 and their development allowed the
establishment of an important pastoral industry. Pastoral activity, town water supplies, mining and
petroleum ventures are all totally dependent on artesian groundwater from the Basin.

The GAB is a confined groundwater basin comprising multi-layered aquifers in quartzose sandstones
of continental origin and Triassic, Jurassic and Cretaceous ages (Habermehl, 1980, 1986, 20014, b,
Habermehl & Lau, 1997). The aquifers in the GAB are sheet-like sandstone deposits, which extend
across parts or the entire basin. The Lower Cretaceous-Jurassic and Triassic aquifers alternate with
confining beds comprising siltstone and mudstone with low permeability. Overlying the Lower
Cretaceous-Jurassic aquifers is the main confining unit, a thick argillaceous sequence of sediments of
marine origin and Early Cretaceous age and these mudstones are overlain by confined aquifers of
Early to Late Cretaceous age.

Aquifers are present in the Clematis, Precipice, Hutton, Adori and Hooray Sandstones, and the
Cadna-owie Formation and their equivalents, and in the Mackunda and Winton Formations and
their equivalents (Habermehl, 1980, 1986, 20014, b, Habermehl & Lau, 1997 and Figure 2). The
major confining beds consist of the Rewan Group, Moolayember, Evergreen, Birkhead, Westbourne,
Wallumbilla and Toolebuc Formations, and their equivalents, and the Allaru Mudstone, and parts of
the Mackunda and Winton Formations and their equivalents (Habermehl, 1980, 1986, 20014, b,
Habermehl & Lau, 1997).

The Mesozoic sedimentary sequence of the GAB is overlain in many parts of the Basin, including the
Queensland and New South Wales parts, by Cainozoic sediments, comprising mostly unconsolidated

sediments, some of which contain aquifers. The Cainozoic sediments are usually up to several tens of
metres in thickness, but form shallow basins as much as 150 m deep in some regions.

Vertical leakage from the aquifers upwards through the semi-pervious confining beds occurs
throughout the Basin, and despite the low percolation rates, involve a considerable volume of water
(approximately 1250 ML/day), which constitutes a major part of the groundwater throughflow of
the Basin. A deep phreatic surface, usually at several tens of metres (60-80 m) below the
groundsurface, generally conceals the vertical leakage.

Natural inter-aquifer leakage occurs along some geological faults, which act as preferential
permeable zones. Groundwater moves from Jurassic aquifers upwards into Cretaceous aquifers
(Habermehl, 1986). Upward vertical leakage from the Lower Cretaceous-Jurassic aquifers into the
aquifers of the Winton and Mackunda Formations probably accounts for a substantial part of the
groundwater discharge from the former aquifers and influences groundwater movement in these
aquifers.

Springs and areas of seepage are abundant in the marginal areas of the Basin, particularly in the
southern, southwestern, northwestern and northern areas. Discharge from the artesian aquifers near
the Basin margins also occurs by diffuse leakage where the overlying confining beds are thin. Many
springs are associated with structural impediments, such as faults, folds, monoclines and intersecting
lineaments and occur at abutment of aquifers against bedrock or where confining beds are thin near
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the discharge margins. Natural inter-aquifer leakage occurs in the discharge areas of the Basin and
near springs and along some geological structures.

Groundwater in the GAB has been exploited from flowing artesian waterbores since artesian water
was discovered in 1878. Waterbores are up to 2000 m deep, but average about 500 m. Artesian
flows from individual bores exceed 10 ML/day (more than 100 L/s), but the majority have much
smaller flows. About 3100 of the 4700 flowing artesian waterbores drilled in the Basin, remain
flowing. The accumulated discharge of these waterbores (including water supply bores in about 70
towns, as in most cases the artesian groundwater supply is the only source of water) is about 1200
ML/day, compared to the maximum flow rate of about 2000 ML/day from about 1500 flowing
artesian waterbores around 1918 (Habermehl, 1980, 2001a).

Flowing artesian bores obtain their groundwater from aquifers in the Lower Cretaceous and the
Jurassic sequence (mainly the aquifers in the Cadna-owie Formation, Hooray, Algebuckina and
Pilliga Sandstones and their equivalents). The original non-flowing artesian waterbores generally
tap the aquifers in the Winton and Mackunda Formations. These non-flowing bores, which number
about 20 000, are generally shallow (i.e. several tens to hundreds of metres deep). It is estimated
that these generally windmill-operated pumped waterbores supply on average 0.01 ML/day, and
produce a total of about 300 ML/day.

The potentiometric surface of the confined aquifers in the upper part of the Cretaceous sequence
(Winton and Mackunda Formations) has always been below the ground surface; consequently
waterbores tapping these aquifers are non-flowing artesian and have to be pumped.

High initial flow rates and pressures of artesian waterbores have diminished as a result of the
release of water from elastic storage in the groundwater reservoir, and regional potentiometric
surfaces approach a steady-state condition in many regions. Exploitation of the aquifers has caused
significant changes in the rate of various discharges in time, including vertical leakage (Habermehl
& Seidel, 1979; Habermehl, 1980; Seidel, 1980). Spring discharges have declined as a result of
waterbore development in many parts of the Basin during the last 100 years, and in some areas
springs have ceased to flow.

The potentiometric surfaces of the confined aquifers in the Lower Cretaceous-Jurassic sequence
were above the groundsurface over almost the whole of the Basin before exploitation began around
1880. Since then the regional potentiometric surface of the exploited aquifers in the sequence has
dropped by several tens of metres in many heavily developed areas and up to more than 100 m in
southern Queensland and 60 m to 80 m in northern New South Wales (Habermehl, 1980, 1986,
2001a, b, Habermehl & Lau, 1997). It is still above groundlevel in most of the Basin, though in
some areas flows from artesian waterbores ceased and water has to be pumped. The high artesian
pressures (several tens of metres above the groundsurface depending on the location) provide the
driving force behind the vertical and inter-aquifer leakage. The diminution of the artesian
pressures has had an effect on the vertical leakage in the Basin. Development of the artesian
groundwater resources has led to considerable changes in the patterns of the potentiometric
contours.

Inter-aquifer leakage as upward vertical leakage across confining beds between aquifers and to the
regional watertable in the GAB occurs naturally at low levels. Higher inter-aquifer leakage takes
place in and around some artesian waterbores in the GAB and probably has occurred since the
development of waterbores in the Basin in the late 19" century. The cause of most of the inter-
aquifer leakage might be that artesian waterbores have not been constructed to bore construction
standards required for the particular hydrogeological conditions in specific regions in the Basin
(ARMCANZ, 1997, McLaughlan, 1996). Many of the artesian waterbores constructed during the
19" century and first half of the 20" century do not conform to these bore construction standards.

Recent MODFLOW modelling of the 1960 steady-state condition for the Cadna-owie Formation -
Hooray Sandstone aquifers across the entire basin as well as transient conditions has produced new
potentiometric surface maps for these aquifers (Welsh, 2000, 2006). Artesian pressure trends
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across the basin for the years 2000 and 2007 show areas with declining and rising pressures
(Macaulay et al., 2009).

Inter-aquifer leakage and corrosion

Several areas in the GAB contain corrosive groundwater within the Basin’s aquifers and many
parts of the Basin have saline or corrosive groundwater and pore fluids in the higher, Cretaceous
aquifers and in the overlying Cainozoic aquifers and confining beds (Figure 3). Artesian bores
with inadequate casing construction or insufficient protection of the bore casing such as the
pressure cemented outer cover of the steel casing, might be subject to corrosion of the mild steel
casing, which has been used in the construction of almost all bores in the GAB. Flowing artesian
bores and non-flowing artesian bores are both pressure type of bores, with the artesian groundwater
in the aquifers being under pressure and rising in the bores. Inter-aquifer leakage, caused by
corrosion, can occur in both types of bores.

Acrtesian bores tap confined aquifers and because the artesian head or pressure is above the
confined aquifer tapped by these bores and rises above the ground surface, the artesian
groundwater in these bores will rise naturally to the surface and produce artesian flows.

Non-flowing artesian bores are bores tapping confined aquifers with artesian heads being below the
ground surface and these bores will not flow. The artesian groundwater rises above the confined
aquifer tapped by these bores but does not reach the surface. The term sub-artesian bores is
commonly used (in Australia) for these bores which never flowed.

Flowing artesian bores which have changed to non-flowing artesian bores are usually identified as
ceased-to-flow bores.

All of the above three types of bores can tap the same confined aquifer in an area at the same time
but differ because the potentiometric surface is above or below the ground surface in different
locations because of the topography or the potentiometric surface has fallen below the ground
surface over time.

Flowing artesian bores can change over time to non-flowing artesian bores as the flow ceases
because the artesian head is lowered and falls below the surface. The diminution of the artesian
pressure is usually the result of the drawdown of the potentiometric surface around the bore(s)
following groundwater discharge from the bore(s) or the general decline of the regional
potentiometric surface of the aquifer as it is tapped by a number of flowing artesian bores in the
region. Inter-aquifer leakage could accelerate this decline of potentiometric surface.

The artesian groundwater in most artesian and non-flowing artesian (sub-artesian) waterbores
enters through the open hole at the bottom of the bore casing within the confined aquifer or through
vertical slots in the casing. It is less common that perforations or screens have been installed in the
bore casing opposite the confined aquifer in the GAB. If the bore casing has corroded at higher
stratigraphic levels and is leaking, the artesian groundwater will move upwards within the casing
from the open hole or slots to the corroded section and move laterally from the leaking bore casing
into higher (confined or unconfined) aquifers. The groundwater can move into the higher
aquifer(s) located above the source aquifer and/or overlying confining beds as the receiving
aquifers and/or confining beds will generally have lower artesian pressures than the lower source
aquifer, from which the artesian groundwater originates.

Downward vertical leakage is also possible, but does not generally occur in the GAB because the
artesian pressure differentials of higher pressures in stratigraphic lower aquifers and lower
pressures in higher aquifers in the Basin leads to upward artesian flow.

Subsurface leakage from the bores generally will take place if the casing has been corroded and
groundwater can move outside the casing and move upwards. Bore casing consisting only of a
single string of casing are particularly vulnerable to corrosion, as many of these bores have not
been pressure cemented and these bores do not have a protective layer of cement around the steel
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bore casing. However, the bore casing of bores constructed of several different diameter casings
can also be corroded if they have not been pressure cemented. In this case the groundwater can
leak into and move within the annulus between the different diameter casing columns.

Inwards corrosion of bore casing from the outside inwards usually occurs where high salinity
groundwater and/or high levels of acidity (low pH) or high levels of free carbon-dioxide are present
in groundwater within aquifers and/or confining beds in the sedimentary sequence outside the bore
casing. This type of corrosion of the casing occurs usually within and opposite specific lithological
units. High levels of acidity develop where pyrite is present and sulphate compounds form in the
sediments. These corrosive conditions are present in some aquifers and/or confining beds in the
higher stratigraphic units of the sedimentary sequence of Cretaceous and Cainozoic ages and in
many areas are the cause of corrosion of the casing. Sulphates derived from evaporites also occur
in the artesian groundwater, but at relative low concentrations in the Queensland and New South
Wales parts of the GAB, though at higher concentrations in the South Australian parts.

Inside-out corrosion takes place where the artesian groundwater from the aquifer being tapped is
aggressive. Corrosion of this type may occur throughout the casing depth as the corrosive
groundwater is in contact with the whole of the inside of the casing. Several areas within the Basin
are known to have groundwater with corrosive characteristics and these areas have been delineated
since the early years of development. Areas of corrosive groundwater, generally with high levels
of free CO, occur in the Cape York, northeastern, central and eastern parts of the Basin in
Queensland and in the southeastern part of the Basin in New South Wales. Most of these areas are
located near Tertiary basalts. Higher sulphate concentrations (and salinity values) occur in most of
the southwestern and western part of the Basin in South Australia and the Northern Territory.
Some areas of higher sulphate concentrations are present in the central and eastern parts of the
Basin in Queensland (Habermehl, 1980, 1986, Radke et al., 2000). A close relationship exists
between the areas of bore casing corrosion prevalence and the higher concentrations of free CO,,
SO, and high salinity and low pH (Figure 3).

A detailed study of bore corrosion, including in-situ measurements of hydrochemical and
microbiological characteristics, accompanied by laboratory analyses and geophysical logging of
five selected flowing artesian bores near Aramac, Winton and Julia Creek in north Queensland was
carried out by the Australian Geological Survey Organisation (AGSO) and the Queensland
Department of Natural Resources (QDNR) in the mid-1990s (Larsen et al., 1996). Comparison of
corrosion rates with a range of pressure and temperature sensitive geochemical parameters
measured on-site and the use of metal coupons inserted in the artesian bore-water inside the bore
headworks and casings using special developed equipment, revealed a strong relationship between
pH and initial corrosion rates. The pH values had not previously been considered as a major
controlling factor of borehole corrosion in the GAB, possibly because results obtained using
standard laboratory techniques were not truly indicative of in-situ values (Larsen et al., 1996). The
most useful predictor of in-situ corrosion appears to be in-situ measurement of pH, which gave pH
values significantly lower than those obtained using past standard (laboratory) techniques.
Corrosion rates increase considerably with a decrease in pH. Phase 2 of the AGSO and QDNR
project studied ten bores and field work was completed in 1999. No further reports are available,
but it appears that the findings reported in Larsen et al. (1996) were not likely to be modified by the
later work.

Inter-aquifer leakage and the Great Artesian Basin Sustainability
Initiative (GABSI) Program

The Australian Government and State Governments of Queensland, New South Wales and South
Australia have carried out a bore rehabilitation programme - the Great Artesian Basin
Sustainability Initiative (GABSI) since 1999, as well as an earlier rehabilitation program - the GAB
Bore Rehabilitation Programme (GAB-BRP from 1989 to 1999). These funding programs deal
with equipping control valves to uncontrolled waterbores and the rehabilitation and repair of
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Figure 3: Regions with corrosive artesian groundwater in the Great Artesian Basin
(sulphate concentrations after Radke et al., 2000)
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corroded waterbores and other waterbores in disrepair. In more recent years GABSI also provided
funding for the replacement of the open earth bore drains with polyethylene piping used for the
distribution of groundwater from flowing artesian waterbores in the GAB area. The aims of
GABSI (and earlier GAB-BRP) bore rehabilitation (“capping”) and piping programs are to reduce
the wastage of artesian groundwater and increase (and thus partially restore) the diminished
artesian pressures throughout the Basin area.

Increased artesian pressures in some rehabilitation regions of the GAB could instigate higher levels
of inter-aquifer leakage from waterbores which are already leaking because of corrosion. The
GAB-BRP and GABSI activities could also cause, or induce leakage from other waterbores in poor
conditions as the higher artesian pressure heads start or accelerate leakage. Measurements and
identification of anomalous differences in artesian pressures and/or artesian flows from bores
within rehabilitation regions before and after extensive rehabilitation should be carried out to
identify leaking bores or bores at risk of leakage. A better understanding of the extent and quantity
of inter-aquifer leakage by corroded waterbores is of interest to the GABSI program.

Continued or increased inter-aquifer leakage will cause wastage of the artesian groundwater and
reduce the pressure recoveries achieved through the continuing GABSI program. In some cases
continued or increased inter-aquifer leakage has the potential to cause land and stream salinisation.
The latter should be avoided, in particular in the Murray-Darling Basin parts of the Basin, though
environmental degradation is not acceptable in any part of the GAB.

A review report by Hassall & Associates (2003) of GABSI concluded that rehabilitation or
plugging of bores that are causing inter-aquifer leakage could be a better investment of public
funds in terms of pressure recovery and artesian groundwater “savings” than the “capping” and
piping of some of the uncontrolled bores that still discharge at the ground surface.

Geophysical logging undertaken early in the GABSI program showed evidence of inter-aquifer
leakage in some rehabilitated bores in Queensland and New South Wales. QDNRM followed this
up in Queensland by the geophysical logging of four uncontrolled artesian bores in the
Goondiwindi area and found that inter-aquifer leakage occurred in two of the bores. Downhole
geophysical logs and borehole video camera records from rehabilitated bores in the St George area
also identified leakage of groundwater from the Gubberamunda Sandstone and Mooga Sandstone
aquifers into the higher Surat Siltstone and Griman Creek Formation. The latter confining beds are
known to contain aggressive groundwater and pore fluids, with salinities up to sea-water levels.
The casing collar locator and caliper logs showed considerable corrosion of the casing columns in
several boreholes within these geological formations.

Previous investigations of inter-aquifer leakage

No earlier systematic investigation or study of inter-aquifer leakage resulting from corroded
artesian waterbores in the GAB is known to have been carried out. However, the occurrence and
effects of corrosion on bore casings have been known for more than a century, as shown in some
detail in the reports of the Interstate Conferences on Artesian Water (1912, 1914, 1922, 1925 and
1929) and the 1945 and 1954 reports by the Queensland Government (references in Habermehl,
1980). The concern about corrosion of the bore casings was one of the reasons to call the Interstate
Conferences.

Limited investigations of inter-aquifer leakage by NSWDIPNR and QDNRM have been carried out
in Queensland (St George — Dirranbandi area) and in New South Wales in recent years as shown
above and about corrosion by Larsen et al., (1996) and McLaughlan (1996).
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ldentification of inter-aquifer leakage

Identification of inter-aquifer leakage in waterbores was carried out by QDNRM and NSWDIPNR
using the following techniques:

e Select non-pressure cemented waterbores from the Queensland and New South Wales bore
data bases.

e Analyse and interpret data from bore hydrographs compiled from long term measurements
and shut-in pressure tests carried out on (selected) waterbores, supported by knowledge
and experience of field staff (bore inspectors/gaugers).

¢ Analyse and interpret geophysical logs from selected waterbores obtained specifically for
the present study. Logs obtained include flow meter, (natural) gamma-ray, caliper, casing
collar locator and temperature logs. In selected bores down-hole video camera records
were obtained.

These technigues follow the requirements of the BRS contract agreements with NSWDIPNR and
QDNRM.

The location of non-pressure cemented bores within areas of known occurrences of high salinity
and/or low pH groundwater and the occurrence of high levels of free carbon-dioxide and sulphates
in groundwater and/or pyrites in sediments would give a first indication of possible problems.

Significant indicators of leakage in the bores include changes in bore hydrograph data, in particular
relatively sudden drops in bore flow, not caused by other activities (e.g. development of a new bore
nearby) and in particular changes in shut-in pressure test data, such as an anomalous increase or
decrease in artesian pressure.

Similarly, data obtained from flow meter and temperature logs could show the inflow and outflow
of artesian groundwater at specific depths (examples of inflows on caliper, flow meter and
temperature logs are shown in Habermehl, 2001b). Information about the casing and condition of
the casing, particularly corrosion, can be interpreted from the caliper and casing collar locator logs.
The natural gamma-ray log provides detailed information about the lithology and depths of the
aquifers and confining beds.

Down-hole video camera records can usually show corrosion and especially specific holes and/or
breaks in the casing and complement some of the interpretations derived from the other techniques.

Detailed studies of bore hydrographs from rehabilitated and non-rehabilitated bores in relatively
small areas could provide information on declining or rising trends in bore pressures following
rehabilitation in the area. Such detailed studies could follow the approach taken to identify artesian
pressure trends across the whole basin in the report by Macaulay et al., (2009). Non-rehabilitated
bores with significant changes in their hydrographs, following rehabilitation of near-by bores,
could be subject to inter-aquifer leakage as artesian pressures increase in the area.

A combination of these techniques should allow identification of most leakage occurrences within
the targeted waterbores.

A desktop study by QDNRM in the early part of the present investigation identified 15 213
uncontrolled and pre-1965 (completed) bores in the Queensland part of the Basin as having a
moderate to high risk of inter-aquifer leakage. This compared to 17 905 bores drilled and cased
between 1965 and 1985 and also for bores constructed after 1985, which are considered at low risk.
The study also identified 856 un-cemented flowing and ceased-to-flow bores in New South Wales
as being in the moderate to high risk category, compared to 548 in the low risk category.

The QDNRM “Draft Progress Report on the Inter Aquifer Leakage Project — Phase One (March
2005)” (Appendix 12) shows the results of a more detailed desk top study carried out as part of the
project. It includes the different categories of artesian bores in the Queensland part of the Basin,
obtained from the analysis of bore data in the QDNRM Groundwater Database.
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QDNRM subdivided the 4177 artesian bores drilled (4166 with known bore locations) in the
Queensland part of the GAB into the different categories of: all ceased-to-flow artesian bores,
ceased-to-flow artesian bores inside the boundary of flowing artesian conditions, different flow
rates, different pressure drops and flow rates (based on the pressure and flow test data in the
Groundwater Database) and GAB monitoring bores.

A final selection of the bores to be investigated and geophysically logged was made using the
above information and criteria based on the age of the bore, the condition of the headworks and the
known existence of leaks at the headworks of the bores at the groundsurface. Preference was given
to bores drilled prior to 1954. Prior to 1954 (and up to 1965) the Queensland State Government
bore construction regulations did not require the cementing of the outer casing in bores. Older
bores have commonly two or more strings of different diameter casing with no cement grouting
and casing to casing contact.

A total of 101 bores was selected in order to have sufficient bores for the actual investigation,
taking into account the possibility of difficulty of access and inability for geophysical logging of
the bores because of stock watering demands and other reasons.

Table 3.1 in the QDNRM “Draft Progress Report on the Inter Aquifer Leakage Project — Phase
One (March 2005)” report (Appendix 12) shows a summary of the categories. During the project
the number of bores to be investigated was reduced to approximately 60 (though 68 were
investigated and 65 were logged). Attachments A to G in the QDNRM report show the Registered
Numbers of the bores listed in the different categories.

NSWDIPNR selected 35 bores to be investigated, of which 31 bores were logged. The method(s)
for selection has/have not been reported.

The results of these desk-top studies and the interpretation of geophysical logs obtained for this
study from a number of bores in Queensland and New South Wales could be used to estimate the
extent and quantity of inter-aquifer leakage. Extrapolation of these results could provide an
indication of the possible losses of artesian groundwater from inter-aquifer leakage throughout the
whole GAB.

Geophysical logs obtained from selected waterbores

Geophysical logs were obtained from 65 bores out of 68 bores investigated in Queensland and from
31 bores in New South Wales, a total of 96 bores (Table 1). Geophysical logs included natural
gamma-ray, casing collar locator, temperature, caliper and flow meter logs. Several bores were not
logged with temperature and flow meter probes and a few bores were not logged with natural
gamma-ray and/or casing collar locator probes.

The QDNRM ““Second Progress Report Inter Aquifer Leakage Project — Basic Information to July
2005 (Appendix 13) concludes that the flow meter and video camera are more diagnostic than the
other tools in identifying inter-aquifer leakage.

Information provided by QDNRM and NSWDIPNR, including geophysical log data, bore
construction details and strata (lithological) logs and descriptive interpretations of the geophysical
logs, with comments on the corrosion of the bore casings and the possibility of inter-aquifer
leakage are shown in the following Appendices (on CD attached to the present report):

Appendices on CD (in the back of this report):

Appendix 1 is a summary compilation by BRS of Queensland and New South Wales information.
The other appendices are copies of the information provided by QDNRM and NSWDIPNR as part
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of the project, including descriptions and assessments of the geophysical logs acquired from the
logged bores. Appendix 1 is also shown in Tables 1 and 2 in the present report.

Appendix 1 — BRS compilation - list of the bores investigated, geophysical logs acquired and
comments on possible inter-aquifer leakage.

Appendix 2 - QDNRM Pre-Project Report.
Appendix 3 — NSW- DIPNR Geophysical Log data.

Appendix 4 — NSW- DIPNR Geophysical Log Assessment — Bores GW 004023, 004086, 017247,
004326, 001412, 004332 and 004112.

Appendix 5 — NSW- DIPNR Geophysical Log Assessment — Bores GW 004129, 004280, 004488,
004461, 004011, 004676, 004075, 004620 and 004251.

Appendix 6 — NSW- DIPNR Geophysical Log Assessment — Bores GW 004244, 004596, 004607,
004449, 004059, 004679, 004054, 004064, 004073, 004134 and 004171.

Appendix 7 — NSW- DIPNR Geophysical Log Assessment — Bore GW 022756.

Appendix 8 — NSW- DIPNR Geophysical Log Assessment — Bores GW 004278 and 004692.
Appendix 9 — NSW- DIPNR Geophysical Log Assessment — Bore GW 004349.

Appendix 10 — NSW- DIPNR Geophysical Log Assessment — Bore GW 004278.

Appendix 11 — NSW- DIPNR Geophysical Log Assessment — Bore GW 004692.

Appendix 12 — Qld — DNRM Draft Progress Report on the Inter Aquifer Leakage Project — Phase
One.

Appendix 13 — Qld — DNRM Second Progress Report Inter Aquifer Leakage Report.

Appendix 14 — Qld — DNRM Draft Third Progress Report on the Inter Aquifer Leakage Project.
Appendix 15 — Qld — DNRM Geophysical Log Data.

Appendix 16 — Qld — DNRM Composite of Geophysical Logs.

Appendix 17 — Qld — DNRM Strata Logs.

Appendix 18 — Qld — DNRM Bore Data Summary from the QDNRM Groundwater Database for
Bores Logged.

Appendix 19 — Qld — DNRM Composite Plots of Geophysical Logs Obtained from Bores Logged
and Lithological and Casing Logs.

Appendix 20 — Qld — DNRM Plots of Flow and Pressure Against Time for Bores Logged.
Appendix 21 — Qld — DNRM Plots of Reciprocal of Free Flow Against Time for Bores Logged.
Appendix 22 — Qld — DNRM Geophysical Log Assessment for Bores Logged.
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Table 1: Geophysical logs obtained from bores and interpretation of inter-aquifer leakage

Bore Number

GWnumber

NSW bore

GW001412

GW004011

GwW004023

GW004054

GWO004059

GWO004064

GWO004073

GWO004075

Latitude

149.69003

145.83481

149.94807

148.83060

148.24145

149.07615

148.99532

145.78314

Longitude

-29.83788
-29.16651
-29.34149
-30.05816

-30.82538

-30.12427
-30.11482

-29.12290

Aquifer

Tapped

Jp
JKh
Jp
Jp

Jp

Jp
Jp
JKh

Total

Depth

(m)

349
478
1070
760

698

671
690

551

Depth

Reached

(m)

28
433
1058
763

403

450
690

548
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Leakage

P-

Possible

Depth
(m)

of
Leakage

8-19,
230-252,
308-401

292-305

220, 465-
502

Gamma

Log

Flowmeter

Log

CCL

Log

Temp

Log

14



GWO004086

GWO004112

GW004129

GW004134

GW004171

GW004244

GW004251

GWO004278

GWO004280

GWO004326

GWO004332

GWO004349

GW004449

GW004461

GwW004488

GW004596

GWO004607

GW004620
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150.05224

146.96091

144.89399

149.02782

148.94032

148.59354

148.10533

148.68282

148.35922

149.65114

150.04446

147.45424

147.87111

148.98198

148.61977

148.57006

148.63227

148.04698

-29.22649

-30.86706

-29.94429

-30.20066

-30.22205

-30.61192

-29.76539

-30.33594

-30.32622

-29.82232

-29.05676

-30.78456

-30.64931

-29.80844

-30.04399

-31.01844

-30.75427

-30.53909

Jp
Jp

JKh

Jp
Jp
Jp
Jp
Jp
Jp
Jp
Jp
Jp
Jp
Jp
Jp
Jp
Jp

Jp

892

238

360

659

674

629

961

672

813

679

1018

213

525

814

833

506

632

685

875

202

14

658

670

613

950

669

806

678

1012

117

518

805

832

42

205

675

below
13.7

350, 455

460-461

633

597

475-485

117

0.4

762

132

15



GWO004676

GWO004679

GWO004692

GWO017247

GW022756

RNnumber

Qld bore

RN23
RN24
RN39
RN40
RN64

RN67
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145.72008

148.68199

148.84727

150.59472

148.24672

148.34932

148.07197

148.14744

147.89050

147.98758

145.50877

-29.10345

-30.19983

-30.34455

-28.79121

-29.97372

-27.42432

-27.97627

-27.63426

-27.63314

-28.40056

-27.39533

JKh

Jp

Jp

Jp

Jp

Kimo/Jug

Kimo/Jug

Kimo/Jug
Kly/KImo/Jug

Kimo

JKh

564

740

707

152

876

978

931

1077

1094

1012

562

555

737

664

153

836

970

936

1065

894

1015

476

Y 60, 195-
210, 497
Y 437, 639-
675
Y below
400
N
N
Leakage
Y - Yes
N - No
P - Possible
P
N
Y ?
N
Y 860 - 890
P
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RN132

RN133

RN147

RN149

RN167

RN316

RN358

RN376

RN387

RN1256

RN1338

RN1348

RN1349

RN1805

RN1910

RN1924

RN2271

RN2414
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149.05008

149.12450

148.04963

147.69807

147.24423

139.47011

143.27274

144.93729

147.96225

145.03726

145.42004

144.90949

145.09755

145.86747

144.24588

144.51588

145.50648

148.46848

-28.37675

-28.34842

-28.07114

-27.65521

-28.16660

-24.36738

-26.66939

-24.33178

-26.49010

-22.89012

-27.61674

-23.76207

-23.71484

-28.22967

-23.04485

-23.20124

-28.09663

-28.41251

Kly/Kimo/Jug/Jp

Jug/Jp
Kimo
JKh/Ja
JKh
JKh
JKh
JKh
Ja/JIn/Jlp
JKh/Ji
JKh
JKh
JKh/Ji/Jlh
JKh
Jkh/Ji
JKh/Ji
JKh

Kly/KImo

1117

1147

955

1017

731

400

1304

1220

916

564

555

1077

846

546

773

734

463

966

1119

1149

949

1017

733

381

1301

1050

898

491

558

685

563

545

773

733

425

964

340

740

10
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RN2465

RN2977

RN3309

RN3887

RN4044

RN4047

RN4244

RN4251

RN4310

RN4457

RN4515

RN4561

RN5155

RN5538

RN5618

RN7121

RN7356

RN7447
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141.56534

145.36977

144.80864

146.00504

148.95903

146.23283

144.40572

144.76727

145.17546

142.62422

146.03234

145.33453

145.89173

144.92468

143.26534

145.24701

143.85234

142.88201

-20.78903

-24.03567

-21.11957

-24.77950

-28.80202

-28.70807

-21.88753

-23.25485

-23.17966

-21.18542

-28.87929

-28.46956

-27.20234

-28.18269

-23.29152

-22.96888

-28.58132

-22.75569

Jkh
Jkh/Ja
Tg
Jkh/Ja/Jlh/Jlp
KImo/Jug/Klgg
?
Jkh/Ja
Jkh/Ja
Jkh/Ja
Jkh
Jkh
JKh
JKh
JKh
Kw
Jkh/Ja/Imb
JKh

Kw

332

797

175

675

1087

484

698

649

481

620

512

444

553

275

366

366

488

242

332

645

157

544

1015

375

500

570

346

622

360

424

550

207

350

355

436

85

17
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RN7668

RN8246

RN10947

RN11872

RN12024

RN12126

RN12250

RN12789

RN13951

RN14645

RN15436

RN15588

RN16051

RN17270

RN22800

RN22986

RN30410

RN51262
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143.08533

146.69450

142.54100

145.16744

144.85227

144.29261

144.98505

143.31115

147.97140

139.35249

150.43973

143.91865

141.85951

144.06865

149.26529

148.48030

145.44998

145.75871

-21.36125

-27.37094

-21.43083

-28.45992

-23.50623

-21.72677

-24.61679

-20.54514

-26.48964

-25.90071

-28.18292

-21.46430

-21.17320

-21.26874

-26.72510

-26.87315

-28.09396

-24.34254

JKh
JKh
JKh
JKh
JKh
Jkh
Kw
Jkg/IKh/Jaldlh
Kimo/Jug/Ja/Jlh
Jkh
JKh
?
Jkh/Ja/Jln
?
?
?

JKh

626

293

764

244

432

492

372

312

890

1221

210

670

541

560

2336

1330

379

856

621

292

774

235

428

489

371

308

858

1225

158

49

542

58

240

692

381

322
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RN51508

RN72359

RN89562

RN118096

RN118710
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145.00644

140.67388

149.95754

142.52181

142.70230

-24.20095

-18.78338

-25.51605

-25.52732

-20.47699

JKh

Jip

JKh

1023

567

279

30

297

1032

547

273

32

293

2.4
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Table 2: Comments based on the interpretation of geophysical logs and inter-aquifer leakage

Bore Number Comments State  Numeric NSWDWE BMR NSW Lithostratigraphy
GWnumber — ID Lithostrat. Logs

NSW bore Lithostrat.

GW001412 Bore blocked at 28 m, probably in poor condition nsw 1412 N Kly Bungil Fm
GWO004011 Some corrosion evident nsw 4011 N KImo Mooga Sst
GW004023 Casing poor 775-880 m nsw 4023 N Jug Gubberamunda Sst
GwW004054 nsw 4054 N Jp Pilliga Sst
GWwW004059 Blocked at 403 m, casing parted at 401 m, leakage at KImo nsw 4059 N

GW004064 Bore blocked at 450 m nsw 4064 N JKh Hooray Sst
GwW004073 nsw 4073 N

GW004075 Possible leakage nsw 4075 N

GwW004086 nsw 4086 N Y

GWO004112 Blocked at 36 m, salty aquifer at 38-40 m, casing collapsed, nsw 4112 N

bore has significant problems may need substantial work to
eliminate the possibility of inter-aquifer contamination
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GWO004129

GWO004134

GW004171

GW004244

GW004251

GWO004278

GwW004280

GWO004326

GWO004332

GWO004349

GWO004449

GW004461

GW004488

GWO004596

GWO004607

GW004620

GWO004676

Blocked at 13.7 m, severe corrosion
Leaking through slotted casing
Some corrosion evident

Leaking through slotted casing, water moving between 10 and
140 mm casing, possibly re-enters aquifers below 250 m

Corrosion
Possible slight leak at 597 m
Leakage through slotted casing into an aquifer

Possible water movement outside the casing during the
decommissioning of the bore

Some corrosion

Blocked at 117 m, leakage between 150 and 200 mm casing
Any leakage is considered to be minor, casing corroded
Leakage at 0.4 m, water leaking into shallow aquifer

Minor leakage

Blocked at 42 m

Blocked at 205 m

Possible leakage, very small rate of leakage and some corrosion

Leakage into another aquifer, casing corroded
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nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

nsw

4129

4134

4171

4244

4251

4278

4280

4326

4332

4349

4449

4461

4488

4596

4607

4620

4676
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GWO004679 Leakage

GWO004692 Minor leakage from deep to shallow artesian aquifers
GwW017247

GW022756

RNnumber —

Qld bore

RN23 Corrosion, possible leakage

RN24

RN39 Leakage from top of casing, corrosion
RN40 Leakage at Kly, casing corroded

RN64 Leakage from Kimo

RN67 No leakage, corroded casing

RN132

RN133 Some corrosion

RN147 Leakage out of casing at Klgg, corrosion

Inter-Aquifer Leakage in the Queensland and New South Wales parts of the Great Artesian Basin

nsw
nsw
nsw

nsw

gld
gld
gld

gld

gld

gld

gld

4679

4692

17247

22756

23

24

39

40

64

67

132

133

147

QDNRW
Lithostrat.

BMR

Logs
Lithostrat.

Qld

Tg
Kw
Klu
JKg
JKh
Ji
Ja
Jmb

Jih

Lithostratigraphy

Glendower Fm
Winton Fm
Wallumbilla Fm
Gilbert River Fm
Hooray Sst
Injune Creek Grp
Adori Sst
Birkhead Fm

Hutton Sst
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RN149

RN167

RN316

RN358

RN376

RN387

RN1256

RN1338

RN1348

RN1349

RN1805

RN1910

RN1924

RN2271

RN2414

RN2465

RN2977

RN3309

Leakage out at JKh

Some corrosion

Corrosion
Leakage at 10 m, corrosion
No leakage, but corrosion

No casing in parts of JKh and Ji, corrosion

Blocked at 685 m, not logged 685-1076 m
Not logged 563-846 m

Corroded casing

Corroded casing

Corroded casing

Some corrosion
Surface leakage, casing appears OK

Heavy corrosion
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gld
gld
gld
gld
gld
gld
gld
gld
gld
gld
gld
gld
gld
gld
gld
gld
gld

gld

149

167

316

358

376

387

1256

1338

1348

1349

1805

1910

1924

2271

2414

2465

2977

3309

Jip

Precipice Sst
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RN3887

RN4044

RN4047

RN4244

RN4251

RN4310

RN4457

RN4515

RN4561

RN5155

RN5538

RN5618

RN7121

RN7356

RN7447

RN7668

RN8246

RN10947

Heavy corrosion, very corrosive water
Some corrosion

Holes at 37 m, water moving down between 152 and 252 mm
casing, heavy corrosion

Corrosion, parts of casing absent

Casing is OK

Casing corroded at 137, 139, 184 m, open hole caved in

Heavy corrosion, holes at 199-206, 221-240, 281 (17 m), flow up

Blocked at 360 m, open hole from 360 m

Corroded casing, water enters hole at 287 m
Open hole 150-207 m

Minor corrosion, hole at 287 m, water entering

Surface leakage

Corroded casing, parts of casing absent
Corrosion, holes in top of casing

Some corrosion, no leakage

Large hole at 15 m, but no leakage, some corrosion
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gld

gld

gld
gld
gld

d

e=1

gld
gld
gld
gld
gld
gld
gld
gld
gld

gld

a

q

3887

4044

4047

4244

4251

4310

4457

4515

4561

5155

5538

5618

7121

7356

7447

7668

8246

10947
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RN11872

RN12024

RN12126

RN12250

RN12789

RN13951

RN14645

RN15436

RN15588

RN16051

RN17270

RN22800

RN22986

RN30410

RN51262

RN51508

RN72359

RN89562

Corrosion

Corrosion

Heavy corrosion at 0-160 m and holes at other depths
Corrosion and holes in casing

Corrosion

Blocked at 49 m, corrosion

Some surface rust, blockage 57 m

Corrosion and blockage

Blocked at 240 m, caved in, corrosion

Rust

Blocked at 290 m, casing falling apart

Blocked at 322 m, casing totally corroded, falling apart
Leakage at top and 432 m, corrosion

Rust, corrosion

Leakage at top of bore, corrosion
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gld
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gld
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gld
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11872

12024

12126

12250

12789

13951

14645

15436

15588

16051

17270

22800

22986

30410

51262

51508

72359

89562
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RN118096 PVC casing, total depth of bore only 30 m, no GAB aquifers
tapped

RN118710 New bore, steel and fibre-glass casing
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gld

gld

118096

118710
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Interpretation of geophysical logs and estimates of the
extent of inter-aquifer leakage in the Great Artesian Basin

Tables 1 and 2 and Appendix 1 show a summary list of the bores investigated, their locations,
geophysical logs acquired, total depth of the bores, depth reached by the logging, depth of leakage
and comments on possible inter-aquifer leakage. This summary provides an overview, compiled
by BRS from the descriptive assessment reports by NSWDIPNR and QDNRM of the New South
Wales and Queensland geophysical logs (Appendices 4 to 11 and 22).

Based on this summary, out of the 31 bores investigated in New South Wales, 10 bores show inter-
aquifer leakage, 8 bores show possible inter-aquifer leakage and 13 bores do not leak (Figure 1).
Geophysical logs were obtained from all of the 31 bores investigated.

As shown in the summary in Tables 1 and 2 and Appendix 1, out of the 65 bores logged in
Queensland, 9 bores show inter-aquifer leakage, 26 bores show possible inter-aquifer leakage and
30 bores do not leak (Figure 1). Geophysical logs were obtained from 65 of the 68 bores
investigated.

Appendix 2 describes the QDNRM desk top study and the results of an assessment of the number
of bores at risk of inter-aquifer leakage.

Appendix 3 contains the NSW —DIPNR geophysical log data.

Appendices 4 to 11 provide detailed descriptions of the logging of the bores in New South Wales
and Appendix 22 provide detailed descriptions of the logging of the Queensland bores. These
Appendices also provide interpretations of the logs, including a summary of the interpreted
condition of the bore casings, corrosion and the possibility of leakage from the bores.

Appendices 12 to 14 are QDNRM project progress reports.
Appendix 15 contains the QDNRM geophysical log data.

Appendices 16 to 21 comprise plots of the composite geophysical logs, strata logs, bore data from
the QDNRM Groundwater Database, composite plots of geophysical logs and lithological and
casing logs, plots of flow and pressure of bores against time and plots of the reciprocal of free flow
of bores against time.

Table 1 and Appendix 1 show the aquifers tapped by the bores logged in the New South Wales and
Queensland parts of the Great Artesian Basin. All of the bores located in the Surat Basin and
Coonamble Embayment parts of the Basin in New South Wales (Inset B of Figure 1 and
surrounding areas) tap the Pilliga Sandstone aquifer. The bores located in the Eromanga Basin in
New South Wales tap the Hooray Sandstone aquifer.

The bores located in the Queensland part of the Surat Basin tap aquifers in the Bungil Formation,
Mooga Sandstone, Gubberamunda Sandstone and Pilliga Sandstone or combinations of these
aquifers. The northernmost bores in the Surat Basin area tap, in addition to these aquifers, also
aquifers in the Hutton Sandstone and Precipice Sandstone. Most of the bores in the Eromanga
Basin part of the GAB in Queensland tap aquifers in the Wyandra Sandstone - Cadna-owie
Formation and the Hooray Sandstone. Bores near the eastern margin of the Basin tap aquifers in
the Hooray Sandstone, Adori Sandstone, Birkhead Formation, Hutton Sandstone or combinations
of these aquifers.

The bores in the New South Wales part of the Surat Basin and in the Coonamble Embayment are a
mixture of ‘leaking’, ‘not leaking’ and ‘possible leaking’ bores. Bores in the Queensland part of
the Surat Basin also are a mixture of ‘leaking’, ‘not leaking’ and ‘possible leaking’ bores. The
bores west of this area in the Eromanga Basin are ‘not leaking” and “possible leaking’ bores, all
tapping the Hooray Sandstone aquifer. Bores in southwestern and western Queensland are all ‘not
leaking’ bores tapping the Hooray Sandstone aquifer. The bores in the eastern, northeastern and
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northern parts of the Eromanga Basin part of the GAB in Queensland are a mixture of ‘leaking’,
‘not leaking’ and ‘possible leaking’ bores. Few ‘leaking’ bores are present in the latter areas and
‘not leaking’ and ‘possible leaking’ bores dominate, with many of the ‘possible leaking” bores
being located more towards the areas closer to the margin of the Basin.

No correlation appears to exist between the ‘leaking’, ‘not leaking’ or ‘possible leaking’ categories
of bores and the aquifers tapped. Details about the leakage into and out of the bore casing are
shown in Table 2 and these comments are based on descriptions by QDNRM and NSWDIPNR.
No clear results are available in these comments to determine the stratigraphic units into which
leakage occurs. Estimates of the quantity of inter-aquifer leakage of groundwater from the
individual bores have not been reported by NSWDIPNR and QDNRM.

No correlation appears to exist between the different categories of bores and their locations, though
relatively more leaking bores are present in the Surat Basin and Coonamble Embayment region.
However, several other factors or a combination of factors could play a role in the status of
corrosion of the bore casing apart from the aquifers tapped and the location of the bores. These
could include the groundwater chemistry of the aquifers tapped in the area of the bore location,
groundwater chemistry of shallower stratigraphic units and mineralogical composition of the
stratigraphic units, age of the bore, depth of the bore, level of maintenance of the bore, quality of
the steel casing, presence of pressure cement around the steel casing, as well as other factors.

Summary, conclusions and recommendations

Summary

The present report contains information about bores, which have been investigated for the
occurrence of inter-aquifer leakage in the Great Artesian Basin. In New South Wales 31 bores
were examined and logged and in the Queensland part of the Basin 68 bores were examined and 65
bores were logged.

Geophysical logs including natural gamma-ray, casing collar locator, temperature, flow meter and
caliper logs and for selected bores down-hole video camera records were obtained by NSWDIPNR
and QDNRM. Some bores have a full complement of geophysical logs; other bores have one or
more log types missing.

The logs and other bore data, including lithology and casing data were compiled and interpreted
and detailed reports have been provided by NSWDIPNR and QDNRM. Inter-aquifer leakage was
assessed using signs of corrosion, in particular indications of casing collar locator log features and
caliper log changes. Temperature, pressure and flow changes as shown in the temperature and flow
meter logs were also assessed as indicators for inter-aquifer leakage. Video camera records were
used in some bores to confirm corrosion, breaks of, or holes in the casing and leakage of the casing.

The QDNRM ““Second Progress Report Inter Aquifer Leakage Project — Basic Information to July
2005 concludes that the flow meter and video camera are more diagnostic than the other tools in
identifying inter-aquifer leakage. The QDNRM report also asserts that initial results suggest that
inter-aquifer leakage is not obvious and further analysis, including pump test analysis is required.

The detailed descriptions, interpretations and assessments of the geophysical logs for the NSW and
QId bores have not been compiled by NSWDIPNR and QDNRM in summary tables or lists. In
order to obtain an overview and/or readily access the data, it would be useful to prepare summary
tables or lists of data and results in a standard format.

The consultancy agreement did not request for NSWDIPNR and QDNRM to prepare the data and
results in a common format, but it would have been useful to have coordinated the data preparation
and presentation, which would have facilitated easy access of data and results.
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QDNRM provided the results of the desk top study and the different categories of artesian bores in
the Queensland part of the Basin from the analysis of bore data in the QDNRM Groundwater
Database.

A final selection of the bores to be investigated and geophysically logged was subsequently made.
A total of 101 bores was selected by QDNRM in order to have sufficient bores for the actual
investigation, taking into account the possibility of difficulty of access and inability for geophysical
logging of the bores because of stock watering demands and other reasons.

The first of the QDNRM reports shows a summary of the categories used for analysis and
subdivision of the 4177 artesian bores in the Queensland part of the GAB, which resulted in the
identification of approximately 60 bores likely to be leaking laterally. The consultancy services
agreement with QDNRM required the study and geophysical logging and interpretation of logs
from up to 60 bores in Queensland. During the project 68 bores were investigated and 65 were
logged. The Registered Numbers of the bores in the different categories are listed in the QDNRM
report.

NSWDIPNR selected 35 bores to be investigated, of which 31 bores were logged. The method(s)
for selection has/have not been reported. The consultancy services agreement with NSWDIPNR

required the study and geophysical logging and interpretation of logs from up to 35 bores in New
South Wales. A total of 31 bores has been investigated and logged in New South Wales.

QDNRM provided three (draft) progress reports and both NSWDIPNR and QDNRM provided the
detailed descriptions and assessments of the geophysical logs and copies of all the logs acquired as
part of the project and other relevant bore data. However, neither QDNRM nor NSWDIPNR did
contribute to a draft final report and/or contribute to the present report as specified under the
consultancy services agreements.

Estimates of the quantity of inter-aquifer leakage from the individual bores have not been reported
by NSWDIPNR and QDNRM. The estimates of the extent of inter-aquifer leakage of groundwater
in the New South Wales and Queensland parts of the GAB by extrapolation of the results of the
assessments of the geophysical logs from the bores investigated, as required under the
consultancies, have not been provided by NSWDIPNR and QDNRM.

The Bureau of Mineral Resources, Geology and Geophysics (BMR) acquired geophysical logs from
approximately 1250 waterbores in the Queensland, New South Wales and Northern Territory parts of
the Great Artesian Basin during the 1960s and 1970s. These wire-line logs from flowing and non-
flowing artesian waterbores in the GAB comprise natural gamma-ray, neutron-gamma, temperature,
differential temperature, flow meter, caliper, spontaneous potential, resistivity and casing collar locator
logs (Habermehl, 2001b). These are the same type of geophysical and other logs as those acquired
by NSWDIPNR and QDNRM during the present study, with the addition of down-hole video
camera records. The data set of bore data and logs prepared by BMR (later the Australian
Geological Survey Organisation (AGSO), now Geoscience Australia (GA), is readily available in
digital format, following digitising of the logs in the early 1990s (Habermehl, 2001b). The
geophysical logs acquired by BMR have not been used by NSWDIPNR and QDNRM to interpret
inter-aquifer leakage in the past nor as part of the present investigation.

It would be useful to study and compare in the future a limited number of bores and their logs
obtained by BMR during the 1960s and 1970s with logs acquired during the present or future
investigations. The re-logging of some of these bores should show the existing and new natural
gamma-ray logs to be identical, but the casing collar locator, temperature, flow meter and caliper
logs could show differences. An estimate of the degree of change in the corrosion of the bore
casing, as shown by the differences in the logs acquired more than 30 to 40 years ago and logs
obtained during the present or future program, could be useful. A number of these estimates or
measurements of corrosion development within particular regions within the Great Artesian Basin
would be helpful in estimating the extent and progress of corrosion of bore casing. This could
provide useful information for initial identification and comparison purposes to interpret inter-
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aquifer leakage and for projections of future corrosion activity in bores currently under threat of
corrosion and assist in prioritising bore rehabilitation under the GABSI program.

Conclusions and recommendations

The study to investigate inter-aquifer leakage of groundwater in the New South Wales and
Queensland parts of the Great Artesian Basin resulted in the examination and geophysical logging
of 31 bores in New South Wales by the New South Wales Department of Infrastructure, Planning
and Natural Resources (NSWDIPNR) and the examination of 68 bores and geophysical logging of
65 bores in Queensland by the Queensland Department of Natural Resources and Mines
(QDNRM).

Geophysical logs acquired include: natural gamma-ray, casing collar locator, temperature, flow
meter and caliper logs. For selected bores down-hole video camera records were obtained. The
logs and other bore data, including lithology and casing data were compiled and interpreted and
detailed assessment reports have been provided by NSWDIPNR and QDNRM.

Inter-aquifer leakage was assessed by the interpretation of the logs for signs of corrosion based on
features in the logs, particularly in the casing collar locator, temperature, flow meter and caliper
logs. Video camera records were used in some bores to confirm corrosion, breaks of, or holes in
the casing and visible leakage of the casing.

Tables 1 and 2 and Appendix 1 show a summary list of the bores investigated, their locations, total
depth and depth reached, geophysical logs acquired, leakage and depth of leakage and comments
on possible inter-aquifer leakage. This summary provides an overview and was compiled by BRS
from the descriptive assessment reports by NSWDIPNR and QDNRM of the New South Wales and
Queensland geophysical logs (Appendices 2 to 22).

In New South Wales 10 bores out of the 31 bores investigated and logged show inter-aquifer
leakage, 8 bores show possible inter-aquifer leakage and 13 bores do not leak (Figure 1).
Geophysical logs were obtained from all of the 31 bores investigated.

In Queensland 9 bores out of the 65 bores logged show inter-aquifer leakage, 26 bores show
possible inter-aquifer leakage and 30 bores do not leak (Figure 1). Geophysical logs were obtained
from 65 of the 68 bores investigated.

Table 1 and Appendix 1 also show the aquifers tapped by the bores logged in the New South Wales
and Queensland parts of the Great Artesian Basin. No correlation appears to exist between the
‘leaking’, ‘not leaking’ or ‘possible leaking’ categories of bores and the aquifers tapped. No
correlation appears to exist between the different categories of bores and their locations, though
relatively more leaking bores are present in the Surat Basin and Coonamble Embayment region.
Several other factors or a combination of factors could play a role in the status of corrosion of the
bore casing apart from the aquifers tapped and the location of the bores. These could include the
groundwater chemistry of the aquifers tapped in the area of the bore location, groundwater
chemistry of shallower stratigraphic units and mineralogical composition of the stratigraphic units,
age of the bore, depth of the bore, level of maintenance of the bore, quality of the steel casing,
presence of pressure cement around the steel casing, as well as other factors.

Any future investigations should require a level of coordination between the State authorities
regarding the preparation and presentation of data and results in a common format, which would
assist interpretation and access of the information.

It is recommended that additional work be undertaken to fully assess the incidence of inter-aquifer
leakage within the Great Artesian Basin.

Such work should include:
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e Compilation of summary tables of the NSWDIPNR and QDNRM results, incorporating the
detailed descriptions, interpretations and assessments of the geophysical logs for the NSW
and Qld bores. Preparation of maps of bore locations.

e Production by NSWDIPNR and QDNRM of final summary reports including brief reports
on the desk-top studies and dealing with the identification of the bores investigated. The
reports should comprise: bore data including construction details, analysis, interpretation
and assessments of geophysical logs, bore hydrographs and shut-in pressure test results. It
could be useful to delineate the lithostratigraphic and hydrostratigraphic units in which the
corrosion and leakage occurs in the bores and the compilation of the groundwater
chemistry data for all of the bores investigated. Other relevant information should also be
included, such as local knowledge from field personnel to identify bores in the New South
Wales and the Queensland parts of the Great Artesian Basin, which are likely to be leaking
laterally.

e A comparison of a limited number of bores and their logs acquired by BMR during the
1960s and 1970s, with logs obtained and interpreted as part of the present study or future
investigations. Estimates of the degree and rate of corrosion of the bore casing could be
made based on the differences in these logs during the last 30 to 40 years. Estimates or
measurements of corrosion development within particular regions within the Great
Artesian Basin could be used to estimate the extent and progress of corrosion of bore
casing.

e Estimation of the quantity (volumes) and (spatial) extent of inter-aquifer leakage in the
New South Wales and Queensland parts of the Great Artesian Basin by extrapolation of the
results of the assessments of the geophysical logs from the bores investigated. This and
estimates of the progress of corrosion could assist in delineating present and future
corrosion activity and be useful in prioritising bore rehabilitation under the GABSI
program.
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