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Executive Summary

The Water Act 2000 requires that tenure holders adequately manage the impacts of underground
water extraction necessarily associated with petroleum appraisal and production. This
Underground Water Impact Report (UWIR) has been prepared to satisfy the requirements of the
Water Act 2000 which requires that a UWIR is prepared, publicly notified and approved as
triggered by the commencement of water production associated with petroleum extraction. This
UWIR has been prepared to satisfy all information requirements required by statute, including:

¶ Information about underground water extraction resulting from the exercising of the
petroleum tenure holder’s underground water rights;

¶ Information about the aquifers affected, or likely to be affected;
¶ Maps showing the area of the affected aquifer(s) where underground water levels are

predicted to decline;
¶ A water monitoring strategy; and
¶ A spring impact management strategy.

This UWIR relates to Bengal Energy’s activities which have occurred and continue to occur in the
Queensland portion of the Cooper Basin.

Bengal Energy holds seven permits which were acquired from Santos Ltd (or its subsidiaries) in
2021. Santos had prepared an Underground Water Impact Report (UWIR) for its Cooper Basin
permits in 2013 and updated the UWIR in 2016 and 2019 which included the permits now
operated by Bengal Energy. Bengal Energy undertook a review of its proposed activities in
relation to the Santos (2019) UWIR in 2021 and found that the predicted drawdowns in Santos
(2019) accurately represented its planned activities. This is the first UWIR prepared by Bengal
Energy for its Cooper Basin permits.

This UWIR accounts for potential groundwater impacts by water production associated with:

¶ Historical and future gas extraction from the Wareena 1 and Wareena 5 wells in PL1110
from the Toolachee Formation, and

¶ Historical oil extraction from the Caracal 1 well in ATP732 from the Wyandra Member of
the Cadna-Owie Formation

A multi-layered analytical model was constructed to predict water level decline of affected
aquifers. Forecast water rates for the future production were based a gas water ratio used by the
Bengal Energy reservoir engineers.

The model predictions were used to identify those areas where the predicted drawdown exceeded
the bore trigger threshold (5 m) and spring trigger threshold (0.2 m) as defined in the Water Act
2000. No areas were identified in any formation where the bore trigger threshold was predicted
to be exceeded in the next three years therefore there is no Immediately Affected Area (IAA). The
Long Term Affected Area (LTAA) occurred due to historical activities only and was only applicable
to the Toolachee Formation in which no active water supply bores were identified. No springs
were identified within the spatial extents of the predicted spring trigger threshold exceedances.
The spring trigger threshold was adopted to assess potential impacts to terrestrial groundwater
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dependent ecosystems (GDE). The predicted drawdown did not propagate to the shallowest
modelled aquifer in exceedance of the spring trigger threshold therefore there are no predicted
impacts to terrestrial GDEs.

This UWIR presents a Water Monitoring Strategy (WMS) that will assist with improving current
understanding of the gas production zone and its connection to the overlying groundwater system.
As required by the Water Act 2000, monitoring locations, schedules and the parameters to be
tested have been detailed in the WMS. Monitoring data will be provided to OGIA twice yearly.

A Spring Impact Management Strategy is not required as drawdown at the closest springs is not
predicted to exceed the springs trigger threshold.

Drawdown maps will be reviewed annually.
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1 Introduction

Bengal Energy Limited (Bengal) is the operator of the following petroleum permits in the Cooper
Basin region of Queensland:

¶ PL1140– Wareena
¶ PL1109 – Ghina
¶ PL188 – Ramses
¶ PL411 – Karnak
¶ ATP732 - Tookoonooka
¶ ATP934 – Barrolka
¶ PCA115 - Nubba

Bengal acquired the permits from Santos Ltd (or its subsidiaries) in 2021 (Bengal Energy, 2021).
Santos prepared an Underground Water Impact Report (UWIR) for its Cooper Basin acreage in
2013 and updated the UWIR in 2016 and 2019 which included the permits now operated by
Bengal. Bengal undertook a review of its proposed activities in relation to the Santos (2019) UWIR
in 2021 and found that the predicted drawdowns in Santos (2019) accurately represented its
planned activities.

This is the first UWIR prepared by Bengal for its permits.

1.1 Project Description

Bengal’s Cooper Basin tenements are shown on Figure 1.

Bengal’s aim is to commercialise historically stranded gas resources through investment in
pipeline infrastructure and exploration, appraisal and development drilling.

Historical and planned activities for each permit are summarised in Table 1.

1.2 Water production volumes

Bengal exercises its underground water rights through the extraction of underground water
associated with oil and gas production. Bengal has estimated historical water extraction using a
gas to water ratio, with monthly water production rates and cumulative volumes show on Figure
2. To 30 June 2022, 20.8 ML of water has been produced from Bengal’s permits. The majority of
the water was produced in the period June 2011 through July 2014 from Wareena 1 and Wareena
5. Caracal 1 was on production for April and May 2022 and produced less than 1 cubic meter of
water during this time.

Bengal intends to continue to exercise its underground water rights through the extraction of water
from the planned activities. Estimates of the future volume of underground water that will be
produced is provided in Section 5.1
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Table 1 Historical and future production activities
Tenement Associated

Wells
Historical
production
activities

Historic Water
Production

(ML)

Future production
activities*

Target Formation

PL1110
(PL114!)

Wareena 1
Wareena 5

Gas production
from Wareena 1
and Wareena 5
wells. Production
ceased in 2014

20.8 Recommence gas
production from 2023

Toolachee
Formation

PL1109
(PL157!)

Ghina 1 No current or
historical
production

0 Potential extended
production test on
Ghina 1 (not expected
to commence within
current reporting
period)

Toolachee
Formation

PL188 Ramses 1 No current or
historical
production

0 No planned production Toolachee
Formation,
Patchawarra
Formation

Ramses 2 No current or
historical
production

0 Potential future
extended production
test on Ramses 2, with
commencement of
commercial oil
production if
successful (not
expected to
commence within
current reporting
period)

Toolachee
Formation,
Patchawarra
Formation
Poolowanna
Formation (oil)

PL411 Karnak 1 No current or
historical
production

0 No planned production Toolachee
Formation

PCA155 Nubba 1 No current or
historical
production

0 No planned production Toolachee
Formation

ATP732 Caracal 1 No current
production

0.01 No planned production Wyandra Member
(Cadna-Owie
Formation)

ATP934 No wells - - - -
*for the period 16 December 2020 to 15 December 2025
! tenement number under the Petroleum Act 1923
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Figure 1 Location of Bengal’s Cooper Basin tenements
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Figure 2 Historic water production volumes
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2 Legislation and Regulation

Primary Queensland legislation that governs the management of resources, including
groundwater, with respect to petroleum and gas extraction, is summarised below.

2.1 Petroleum and Gas (Production and Safety) Act 2004

The Petroleum and Gas (Production and Safety) Act 2004 legislates for the safe and efficient
exploration for, recovery of and transport of petroleum and fuel gas.

The Act establishes underground water rights for petroleum tenure holders. This allows the tenure
holder to take or interfere with underground water in the spatial extent of the tenure if that
interference or take occurs while undertaking another authorized activity for the tenure. There is
no volumetric limit to the amount of water that may be taken, however the tenure holder is subject
to the provisions of Chapter 3 of the Water Act 2000. The associated water can be used for any
authorized purpose, within or off tenure.

2.2 Water Act 2000

The primary purpose of the Water Act 2000 is to provide a framework for the sustainable
management of Queensland’s water resources, including the management of impacts on
groundwater caused by the exercise of underground water rights by the resource sector. It is
intended to:

¶ Sustain the health of ecosystems, water quality, water-dependent ecosystems and
biological diversity;

¶ Recognise the interests of Aboriginal people and Torres Strait Islanders;
¶ Enable fair access to water resources in support of economic development; and
¶ Promote the efficient use of water.

The Water Act 2000 vests all rights to the control of water in Queensland to the State, and the
State may authorise the use of water through a number of instruments, including legislation,
allocations, licenses, and permits. The sustainable use of water is managed through the
preparation and implementation of water plans and water use plans, with processes for releasing
unallocated water identified in a water management protocol.

Chapter 3 of the Water Act 2000 provides for the management of impacts on underground water
(groundwater) due to the exercise of underground water rights by resource tenure holders. It
provides a regulatory framework that requires a resource tenure holder to:

¶ Monitor and assess the impacts of groundwater extraction associated with resources
extraction on water bores and springs;

¶ Prepare underground water impact reports that establish obligations to monitor and
manage impacts on aquifers and springs;

¶ Manage the cumulative impacts due to the exercise of two or more resource tenure
holders’ underground water rights; and
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¶ Enter make good agreements with owners of bores impacted by the exercise of
underground water rights.

With respect to petroleum and gas production, Chapter 3 of the Water Act 2000:

¶ Identifies the obligations of producers in relation to groundwater monitoring, reporting,
impact assessment and management of impacts on other water users;

¶ Provides a framework and conditions for preparing a Baseline Assessment Plan and
outlines the requirements of bore owners to provide information that the petroleum tenure
holder reasonably requires to undertake a baseline assessment of the relevant bore;

¶ Sets out the process for assessing, reporting, monitoring, and negotiating with other water
users regarding the impact of petroleum production on aquifers.

¶ The management of impacts on groundwater caused by the exercise of groundwater rights
by petroleum tenure holders is achieved by providing a regulatory framework that requires:

o Petroleum tenure holders to monitor and assess the impact of the exercise of
underground water rights on water bores and to enter into “make good” agreements
with the owners of the bores;

o The preparation of UWIRs that establish underground water obligations, including
obligations to monitor and manage impacts on aquifers and springs.

The Queensland Government’s Office of Groundwater Impact Assessment (OGIA) is responsible
for managing these requirements in a declared cumulative management area.  Outside of the
cumulative management areas, individual tenure holders are responsible. The requirements of a
UWIR are specifically identified in the Water Act 2000. These requirements, and the conformance
of this UWIR to those requirements, are identified in Table 2.

An UWIR will identify whether an Immediately Affected Area or Long Term Affected Area will
result from the exercise of underground water rights.  An Immediately Affected Area (IAA) is
defined as an area where the predicted decline in water level within 3 years is greater than the
bore trigger threshold.  A Long Term Affected Area (LTAA) is defined as the area where bore
trigger thresholds are exceeded at any time.  The Water Act 2000 defines the trigger thresholds
as:

¶ Bore trigger threshold - 5 m for a consolidated aquifer;
¶ Bore trigger threshold - 2 m for an unconsolidated aquifer; and
¶ Spring trigger threshold - 0.2 m

UWIRs are published to enable the community, including bore owners and other stakeholders,
within the relevant area, to make submissions on the UWIR.  These submissions are then required
to be summarised by the petroleum tenure holder and submitted with the UWIR to DES for
approval.  The UWIR must then remain available on the petroleum tenure holder’s website.
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Table 2 Requirements of a UWIR (Water Act 2000)
Reporting requirements Underground

Water Impact
Report
Guidelines (DES,
2021)

Section(s) of this
UWIR

Section 376
For the area to which the report relates –
(i) The quantity of water produced or taken from the area because of
the exercise of any previous relevant underground water rights; and

PART A
UNDERGROUND
WATER
EXTRACTION

Section 1.2
Figure 2

(ii) an estimate of the quantity of water to be produced or taken
because of the exercise of the relevant underground water rights for
a 3 year period starting on the consultation day for the report

Section 5.1
Figure 25

For each aquifer affected, or likely to be affected, by the exercise of
the relevant underground water rights –
(i) A description of the aquifer, and

PART B
AQUIFER
INFORMATION
AND
UNDERGROUND
WATER FLOW

Section 3

(ii) an analysis of the movement of underground water to and from
the aquifer, including how the aquifer interacts with other aquifers;
and
(iii) an analysis of the trends in water level change for the aquifer
because of the exercise of the rights mentioned in paragraph (a)(i);
and
(iv) a map showing the area of the aquifer where the water level is
predicted to decline, because of the taking of the quantities of water
mentioned in paragraph (a), by more than the bore trigger threshold
within 3 years after the consultation day for the report; and

PART C
PREDICTED
WATER LEVEL
DECLINES FOR
AFFECTED
AQUIFERS

Figure 29

(v) a map showing the area of the aquifer where the water level is
predicted to decline, because of the exercise of relevant
underground water rights, by more than the bore trigger threshold at
any time

Figure 30

a description of the methods and techniques used to obtain the
information and predictions under paragraph (b);

Section 5.1

a summary of information about all water bores in the area shown
on a map mentioned in paragraph (b)(iv), including the number of
bores, and the location and authorised use or purpose of each bore;

Table 7
Figure 23

(da) a description of the impacts on environmental values that have
occurred, or are likely to occur, because of any previous exercise of
underground water rights;

Section 5.3

(db) a description of the impacts on environmental values that have
occurred, or are likely to occur, because of the exercise of
underground water rights-
(i) during the period mentioned in paragraph (a)(ii);
(ii) over the projected life of the resource tenure;

Section 5.3

a program for –
(i) conducting an annual review of the accuracy of each map
prepared under paragraph (b)(iv) and (v); and

Section 6.4

(ii) giving the chief executive a summary of the outcome of each
review, including a statement of whether there has been a material
change in the information or predictions used to prepare the maps;

Section 6.4

a water monitoring strategy; PART D WATER
MONITORING
STRATEGY

Section 6.1

a spring impact management strategy; PART SPRING
IMPACT
MANAGEMENT
STRATEGY

Section 6.2

if the responsible entity is the office –
(i) a proposed responsible tenure holder for each report obligation
mentioned in the report; and

Not applicable

(ii) for each immediately affected area – the proposed responsible
tenure holder or holders who must comply with any make good
obligations for water bores within the immediately affected area;

Not applicable

other information or matters prescribed under a regulation Not applicable
Section 378
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1) A responsible entity’s water monitoring strategy must include the
following for each immediately affected area and long-term affected
area identified in its underground water impact report or final
report—
a) a strategy for monitoring—
i) the quantity of water produced or taken from the area because of
the exercise of relevant underground water rights; and
ii) changes in the water level of, and the quality of water in, aquifers
in the area because of the exercise of the rights;

PART D WATER
MONITORING
STRATEGY

Section 6.1

(b) the rationale for the strategy; Section 6.1
(c) a timetable for implementing the strategy; Section 6.1
(d) a program for reporting to the office about the implementation of
the strategy.

Section 6.1

(2) The strategy for monitoring mentioned in subsection (1)(a) must
include—
(a) the parameters to be measured; and

Section 6.1

(b) the locations for taking the measurements; and Section 6.1
(c) the frequency of the measurements. Section 6.1
(3) If the strategy is prepared for an underground water impact
report, the strategy must also include a program for the responsible
tenure holder or holders under the report to undertake a baseline
assessment for each water bore that is—
(a) outside the area of a petroleum tenure; but

Not applicable

(b) within the area shown on the map prepared under section
376(b)(v).

Not applicable

(4) If the strategy is prepared for a final report, the strategy must
also include a statement about any matters under a previous
strategy that have not yet been complied with.

Not applicable
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3 Hydrogeological Setting

3.1 Topography and drainage

The tenements are located within the Copper Creek drainage basin. The topography in the vicinity
of the tenements is relatively flat, ranging in elevation from roughly 190 mAHD in the east, and
around 80 mAHD in the vicinity of Cooper Creek (Figure 3). Cooper Creek is on the western
extent of the tenement extent.

Cooper Creek flows to the south and discharges to Lake Eyre in South Australia. The channel
system is highly anastomosing and reaches in excess of 40 km wide in parts. Cooper Creek and
all of its tributaries are ephemeral with streamflow varying greatly between years from almost no
flow to significant flooding.

3.2 Geology

Bengal’s tenements are located in the Queensland portion of the Cooper Basin. The Jurassic-
Cretaceous aged Eromanga Basin unconformably overlies the Carboniferous-Permian Cooper
Basin. Overlying the Eromanga Basin are Tertiary-aged, consolidated sediments of the Lake Eyre
Basin and Quaternary-aged surficial deposits generally associated with drainage lines (Figure 4).
The Eromanga Basin is a constituent basin of the Great Artesian Basin (GAB), which outcrops as
the Winton Formation where not covered by the Tertiary or Quaternary sediments (Figure 4).

A regional stratigraphic column and associated lithologies presented in Table 4 and cross-
sections based on well completion report stratigraphic interpretations are presented as Figure 5.

The Cooper Basin comprises non-marine sedimentary lithologies at depths of 1,000 m to 4,500
m below ground level (mGL). It is completely covered by the Eromanga Basin and therefore does
not outcrop. The Tirrawarra Sandstone, Patchawarra Formation, Epsilon Formation and
Toolachee Formation are the main gas producing formations in the Cooper Basin (Santos, 2019).
The Cooper Basin is of lesser spatial extent that the Eromanga Basin, and pinches out within the
northern to central portions of the northern block of ATP732.

The Eromanga Basin comprises a succession of alternating sandstones, siltstones and
mudstones. The sandstone-dominated formations are generally considered as aquifers on a
regional scale and the siltstone and mudstone dominated formations are generally considered to
be aquitards. The major oil producing formations of the Eromanga Basin are the Hutton
Sandstone, Birkhead Formation and Murta Formation (Namur Sandstone), with lesser oil
production from the Cadna-Owie Formation (Wyandra Sandstone Member), Westbourne
Formation, Adori Sandstone, and Lower Poolowanna Formation (Santos, 2019).
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Figure 3 Topography and drainage
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Table 3 Stratigraphic depths for relevant Bengal Energy wells

Unit

Depth (mRT)

Average
Thickness (m)

K
arn

ak 1

R
am

ses 1

R
am

ses 2

W
areen

a 1

W
areen

a 5

Winton Formation 0 0 0 0 0 169

Mackunda Formation NA NA NA NA 169 165

Allaru Mudstone NA NA 1061 NA 333 201

Toolebuc Formation 1386 1249 1280 NA 516 27

Wallumbilla Formation 1393 1275 1300 NA 572 368

Cadna-Owie Formation 1759 1668 1681 NA 902 232

Murta Formation 1855 1761 1768 978 992 57

Namur Sandstone 1908 1798 1854 1007 1072 84

Westbourne Formation 1989 1899 1913 1121 1136 119

Adori Sandstone 2105 2019 2026 1248 1253 24

Birkhead Formation 2136 2044 2047 1264 1279 84

Hutton Sandstone 2233 2132 2140 1333 1352 159

Poolowanna Formation 2393 2290 2296 1471 1533 459

Toolachee Formation 2941 2807 2801 1865 1866 54

Patchawarra Formation 2989 2854 2868 NP NP 112

Basement 3099 2945 3004 1897 1911 -

mRT = meters below rotary table NA = not available NP = not present
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Table 4 Regional stratigraphic column with lithological descriptions

Basin Age Stratigraphic
Unit Lithological description Depositional Environment

NA Quat-
ernary

Qa-QLD Clay, silt, sand and gravel; flood-plain alluvium - undifferentiated Fluvial

Q-CER Alluvium of older flood plains, sand, gravel, soil Fluvial

Lake
Eyre Tertiary

Glendower
Formation

Consolidated sandstones, sandy siltstones and minor conglomerate and mudstones
(fluvial) Fluvial

E
ro

m
an

ga

Late
Creta-
ceous

Winton
Formation

Interbedded, fine to coarse sandstone, carbonaceous and pyritic shale, siltstone and
coal seams. Abundant fresh volcanogenic debris, lithics, felspar and traces of
apatite, ferromagnesian minerals and mica

Fluvio-lacustrine

E
ar

ly
 C

re
ta

ce
ou

s

Mackunda
Formation

Fine grained sandstone with calcareous matrix (white to light grey), argillaceous
siltstone, occasionally pyritic near base Cycles of deep-water marine to shoreface

Allaru
Mudstone
/Oodnadatta
Formation

Laminated claystone and siltstone with interbedded fine-grained sandstone. Lower
section contains calcareous- ferruginous concretions, calcareous siltstone and
fossiliferous concretionary limestone

Shallow marine

Toolebuc
Formation

Laminated calcareous and kerogenous mudstone, minor coquinite and limestone,
labile sandstone and oil shale Marine

Coorikiana Sst Fine grained sandstones with calcareous matrix (white to light green to grey)
interbedded with brown-grey siltstones. Common accessory Glauconite

Regressive marine shoreface

Bulldog Shale
Series of upward coarsening siltstones and fine-grained sandstones. Common basal
glauconitic sandstones and disseminated pyrite in the upper half Shallow to moderately deep open marine

Cadna-Owie
Formation

Wyandra Sst Member - Fine grained, clay rich sediments to fine calcareous
sandstones with minor limestone and occasional bioturbation Lowstand: shallow marine

Lower Cadna-Owie - Pale grey sandstone, siltstone, calcareous sandstone and
pebbly sandstone, some feldspathic intraformational conglomerate; thin coaly layers,
dark mudstone, layers of kaolin-like material, possibly altered tuff

Transgressive: terrestrial to shallow marine

Murta
Formation

Interbedded and interlaminated sandstone, silty sandstone, siltstone and lesser
mudstone, intraformational conglomerate and coal Meandering: floodplain & lacustrine

M
id

 to
 L

at
e 

Ju
ra

ss
ic

Namur Sst /
Hooray Sst

Fine to medium grained sub labile quartzose sandstone and thin interbedded
siltstone with disseminated fine carbonaceous fragments /
medium- to coarse-grained, quartzose sandstone, commonly cross bedded and
pebbly; minor siltstone, conglomerate, coal.

High energy, braided with intervening lower
energy, distal floodplain

Westbourne
Formation

Interbedded siltstone, mudstone and minor lenses of fine grained quartzose
sandstones. Occasional laterally discontinuous coal seams

Lacustrine

Adori Sst
Fine- to medium-grained clayey sandstone and minor pebbly sandstone and
siltstone High energy braided fluvial
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Basin Age Stratigraphic
Unit Lithological description Depositional Environment

Birkhead
Formation

Carbonaceous and sideritic, bioturbated siltstone and mudstone interbedded with
fine to coarse-grained volcanolithic sandstones and laterally discontinuous coal
seams

Meandering fluvial

Hutton Sst
Series of upward fining medium to coarse grained stacked channel sandstones, with
conglomeratic bands. Minor siltstone and mudstone beds

High energy braided fluviatile system

Early
Jurassic

Poolowanna
Formation

Fine to medium, quartz dominated sandstone and interbedded siltstone, with
laterally discontinuous coals seams in the upper part

Meandering fluvial

C
oo

pe
r

Late
Permian

Toolachee
Formation

Stacked, fining up sequences of fine to coarse grained well cemented sandstones,
dark grey siltstone, carbonaceous shale and channel capping coal seams

Low energy meander belt to lacustrine facies

Mid
Permian

Epsilon
Formation

Fine- to medium-grained sandstone interbedded with carbonaceous siltstone, shale
and coal

Aggradational lacustrine delta

Murteree
Shale Siltstone with minor fine-grained sandstone Deep lacustrine

Early
Permian

Patchawarra
Formation

Basal unit of carbonaceous siltstone with minor sandstone and thin coal seams,
transitioning to more sandstone dominated with thicker coal seams and shale
interbeds. Upper unit predominantly siltstone and shale with minor sandstone
interval.

High-sinuosity fluvial system flowing over a
floodplain with peat swamps, lakes, and
gentle uplands

Basement Granodiorite and metasediments

Aquifer Aquitard



Underground Water Impact Report

Cooper Basin Tenements
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Figure 4 Surface Geology










































































