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EXECUTIVE SUMMARY
This report provides updated information on the impact, if any, on water levels in aquifers within
Authority to Prospect (ATP) 814P as a result of pilot testing during the exploration phase of the
permit.
The report includes:


A description of aquifers identified in ATP814P East Block, and how the aquifers interact
with each other.



The quantity of water extracted through the pilot testing process by Blue Energy Limited.



The predicted water level movement within the target formation (P Coal Seam), and local
aquifers as the result of pilot testing.



A description of methods and techniques used by third party hydrogeologic modelling
group, MTNA PTY, to estimate potential water level decline.



Information on water bores in the area.



Description of the annual review program for the impact predictions.

The initial quantitative study undertaken by Blue Energy concludes that the surface aquifer impact
from pilot testing the target formation (P coal seam) within ATP 814P East Block now, and in the
next three years, was negligible. This has been deduced by:


Very limited volumes of water (3.90ML) were taken from the target formation during pilot
testing from 12 March, 2011 to 29 January, 2013.



The surface aquifers in the area are separated from the target formation by approximately
400m of very low permeability formations.



The pilot testing wellbores have isolated the surface aquifers behind steel surface casing
which has been fully cemented. The surface aquifers are further isolated with another string
of production casing also cemented to the surface.



Groundwater modelling predicts:
o Over the 4 year period (one year of pilot testing and three years of modelling), water
level declines were predicted within the target formation (P coal seam), with the
maximum water level decline being 180m, near Monslatt 5P.
o Over the 4 year period, water level declines were predicted within the Permian
interburden, with the maximum level being five metres in the eastern side of the project
area where the interburden thins.
o An absence of water level decline (above the trigger threshold) within the surface
aquifers.
o An absence of water level decline (above the trigger threshold) for springs.

As pilot testing ceased in January 2013 and with no further testing scheduled for the immediate
future, new groundwater modelling has not been conducted as the predicted future water
production for the next three years is 0 litres.
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INTRODUCTION
The ATP 814P comprises of 7 discontiguous blocks encompassing 349 sub-blocks and 1,116
km2. The title holder of ATP 814P is Eureka Petroleum Pty Ltd, which is a wholly owned subsidiary
of Blue Energy Ltd (Blue Energy). Blue Energy serves as operator of ATP 814P.
This document serves as an Underground Water Impact Report (UWIR) for the ATP 814P. This
UWIR will focus solely on the ATP 814P East Block, as at this time, only the East Block has had
pilot testing commence. Due to the discontiguous nature, large lateral separation and geologic
differences, each ATP 814P block will require unique and appropriate evaluation after pilot testing
activities commence. As other blocks within ATP 814P commence production testing, their data
will be incorporated into the annual review and the UWIR will be amended if a material change
occurs. The East Block of ATP 814P spans 236.5km2 and lies approximately 14km to the west of
Nebo, QLD. (See Figure 1: ATP 814P East Block location map). This UWIR provides updated
information on the potential for decline in water levels in water bearing formations due to pilot
testing of exploration wells. From the 12th of March, 2011 to the 29th of January 2013, four wells
have drawn water from the P coal seam in the Moranbah Formation within ATP 814P East Block.
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Figure 1: ATP 814P East Block location map
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Under chapter three of the Water Act 2000 (Water Act), petroleum tenure holders and the Office
of Groundwater Impact Assessment (OGIA) have responsibilities for the preparation of UWIR’s.
If the Chief Executive of the Department of Environment and Heritage Protection (DEHP) has
declared a Cumulative Management Area (CMA), which is an area that is likely to experience an
impact on underground water due to the exercise of underground water rights by two or more
petroleum tenure holders, the OGIA takes over responsibility for preparing an UWIR for the
CMA. This insures that in areas where impacts may overlap, the OGIA as an independent body,
can prepare a report to oversee and purpose mitigation measures for the cumulative impacts as
a whole. Currently, the area of planned concentrated CSG development has been declared as
the Surat CMA and is located in the Surat basin. Blue Energy’s operations are in the Bowen
basin and fall outside this CMA, and therefore Blue Energy, as the tenure holder is required to
prepare the UWIR.
The purpose of this report is to address chapter three, division four, section 376 of the Water Act,
which stipulates that the UWIR must include:


Part A: Information about underground water extractions resulting from the exercise of
underground water rights.
o Quantity of water already produced.
o Quantity of water to be produced in the next three years.



Part B: Information about aquifers affected, or likely to be affected.
o Aquifer descriptions.
o Underground water flow and aquifer interactions.
o Underground water level trend analysis.



Part C: Maps showing the area of the affected aquifer(s) where underground water levels
are expected to decline.
o Maps of affected areas.
o Methods and techniques used in building a computer based hydrogeologic model,
and the associated water level maps and predictions.
o Water bores within Immediately Affected Areas.
o Annual review of maps produced.



Part D: A water monitoring strategy.
o Rational behind water monitoring strategy.
o Timetable for the water monitoring strategy.
o Reporting program for the water monitoring strategy.



Part E: A spring impact management strategy.
o Spring inventory and values.
o Connectivity between the spring and aquifer.
o Management of impacts.
o Timetable for strategy.
o Reporting program.
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LEGISLATION
The primary legislative requirements for the management of groundwater for the ATP 814P East
Block is summarized below.

Petroleum And Gas (Production and Safety) Act 2004
The Petroleum and Gas (Production and Safety) Act 2004 (P&G Act) regulates coal seam gas
activities and also governs groundwater management in relation to coal seam gas development.
ATP 814P was granted under the P&G Act.
Under the P&G Act, the petroleum tenure holder may take or interfere with groundwater to the
extent that is necessary and unavoidable during the course of an activity authorized under the
petroleum tenure (Section 185 Underground water rights). The P&G Act requires tenure holders
to comply with the underground water obligations specified in the Water Act, chapter three.

Water Act (2000)


Provides a comprehensive regime for the planning and management of all water resources
(including vesting to the State, the rights over the use, flow and control of all surface water,
groundwater, rivers and springs) in Queensland.



Regulates water use and the obligations of coal seam gas production and pilot testing 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 (BAP) and
outlines the requirement of bore owners to provide information the petroleum holder
reasonably requires to undertake a baseline assessment of any bores.



Sets out the process for assessing, reporting, monitoring, and negotiating with other water
users regarding the impact of coal seam gas production, and pilot testing on aquifers.



Provides a framework for the petroleum tenure holder to undertake an UWIR once they
have started pilot testing.



A UWIR will identify whether an “Immediately Affected Area” will result from CSG activities.
An Immediately Affected Area is defined as an area where the predicted decline in water
levels within three years is at least:
o 5m for a consolidated aquifer.
o 2m for an unconsolidated aquifer.

UWIRs are published to enable comments from bore owners within the area. Submission made
by bore owners will be submitted by Eureka Petroleum Pty Ltd (a 100% owned subsidiary of Blue
Energy Limited) to DEHP. UWIRs are submitted for approval to DEHP two months after the
consultation date. The OGIA may also advise DEHP about the adequacy of these reports.
The OGIA will maintain a database of information collected under monitoring plans carried out by
petroleum tenure holders in accordance with approved UWIRs. The database will also incorporate
bore baseline data collected by petroleum tenure holders.
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SUMMARY OF METHODS
An assessment of impacts to the surface aquifers from the pilot testing activities was originally
undertaken by referencing available groundwater related data including available hydrogeological
reports, records obtained from DEHP and the Australian Bureau of Meteorology.
A desktop review of this data was undertaken to provide input into the development of the
conceptual hydrogeological model for ATP 814P East Block. From this conceptual hydrogeologic
understanding, we developed a computer based numerical groundwater model. This model was
used to predict the potential for any impacts to groundwater, and it underpins the development of
management strategies.
With minimal initial water production and cessation of pilot testing in January 2013 there has been
no impact on any of the underground aquifers within the monitoring area. Current legislation under
the Water Act 2000 (Water Act) Blue Energy Ltd is still required to publish an updated UWIR report
for public consultation advising the predicted water production for the next three years as 0 litres.
No new groundwater modelling has been conducted.

Geological Summary
Changes in the tectonic setting influenced the paleogeography and depositional environment of
the Bowen basin (Fielding et.al, 2000). Early Permian extensional subsidence and igneous activity
resulted in a basin-and-range topography with infrabasins hosting thick accumulations of mainly
non-marine, fluvial and lacustrine deposits with occasional marine incursions. The depositional
environment was also influenced by the late Palaeozoic Gondwanan glaciation, which is
preserved in proglacial and varved lacustrine deposits of the Reids Dome beds (Denison Trough),
and coeval Joe Joe Group and lower Youlambie conglomerate.
Later in the Early Permian, extensional subsidence slowed, and the original basin-and-range
topography filled. A transgression of the sea westwards allowed delta systems to develop around
the western and northern margins of the basin, which continued into the Late Permian (Fielding
et al., 1990a). This period saw the deposition of the Cattle Creek formation, the coastal plains
sediments of the Collinsville coal measures, Blair Athol coal measures and Lower Aldebaran
sandstone predominantly sourced from uplifted terrains to the west (Fielding et. al., 2000).
By the end of the Permian, the tectonic setting had changed from one of extension to a regional
thermal subsidence phase (Brakel et al 2009). The prograding deltas in-filled the remaining
landlocked sea westward, and mainly fine grained offshore marine sediments accumulated to form
the Barfield formation and Back Creek group (Fielding et. al., 1997).
In the Late Permian, significant uplift occurred to the north and east (possibly east of the current
coastline) of the Bowen basin resulting in a shift in sediment source from the quartz-dominated
provenance of the German Creek formation (sourced from the west) to the volcanic lithic
composition of the Moranbah coal measures (sourced from the northeast) (Falkner & Fielding
1993, Fielding et. al., 2000). Volcanic fall-out beds become regionally abundant above the P-Tuff
horizon (Fielding 2000).
This period of uplift and instability also resulted in submarine slope instability and resulted in
deposits of the upper Barfield formation, Flat Top formation and equivalents (Fielding et. al., 1997).
Underground Water Impact Report
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This uplift ultimately led to the development of an axial southerly prograding delta complex, which
filled much of the Late Permian Bowen basin with coarse volcanic lithic detritus. This deltaic
system resulted in the accumulation of sediments, and led to the formation of the Moranbah, and
overlying Fort Cooper coal measures (Taroom Trough) and the Peawaddy formation and Mantuan
formation (Denison Trough) to the south. The youngest marine fossils in the Bowen basin are the
thick accumulation of shells in the Mantuan Productus beds which effectively mark the end
Permian global extinction event in the basin.
By the end of the Permian, the southward prograding dispersal system had filled the Bowen basin,
and the basin was overlain in the south by fetid black mud rocks and tuffs of the Black Alley shale,
interpreted as a non-marine, inland flooding event.
The fetid lacustrine deposits of the Black Alley shale pass northward into tuff-rich shallow
lacustrine facies of the Burngrove formation, and further north into fluvial facies of the Rangal coal
measures (east of Comet Ridge) and equivalent Bandanna formation (Denison Trough).
The southward dispersal system ultimately in filled these lacustrine environments and the entire
Bowen basin became an immense alluvial/coastal plain environment. The thick and extensive coal
seams of the Rangal coal measures formed in this environment. The significant volcanic activity
that is interpreted to have been coeval with deposition of the Black Alley shale and equivalents,
waned during accumulation of the upper Rangal coal measures. (See Figure 2: Bowen basin
stratigraphic column)
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Figure 2: Bowen basin stratigraphic column

Fielding et al, 2000 interpreted the Black Alley shale flooding event as a consequence of flexural
subsidence induced by the loading of the crust in the Gogango Overfolded zone and environs
immediately to the east of the basin as a result of the thin skinned thrusting in this region
(Holcombe et. al., 1997). In the latest Permian to Early Triassic, the lacustrine, swampy
environment that led to the formation of coals of the Rangal coal measures and Bandanna
formation, was replaced by mainly fine grained, well drained, alluvial systems subject to extensive
oxidation, which resulted in the formation of the “red beds” (red, green or brown coloured) of the
Rewan formation (Fielding et. al., 2000). The onset of this alluvial environment was diachronous
as the basal Rewan Formation in the central part of the basin is of Permian age but elsewhere a
disconformity separates Permian coal measures from the Triassic Rewan formation.
Deposition of the Rewan formation continued until Mid-Triassic times, when the fine grain alluvial
setting was succeeded by coarser, sand dominated, alluvial setting that led to the formation of the
Middle Triassic Clematis formation, which consists mainly of quartzose sandstone. This
compositional change reflects a change in provenance with sediments being sourced
predominantly from the uplifted western craton instead of the arc to the east (Fielding et. al.,
1990a). The Showgrounds sandstone is the subsurface equivalent of the upper Clematis group
on the western side of the Bowen basin (Butcher, 1984) and shows evidence of being deposited
in a standing body of water such as a lake or sea.
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The Mid-Triassic Moolayember formation represents a return to deposition of fluvial and lacustrine
sediments, including the marginal marine Snake Creek mudstone member located at the base of
the formation. Fielding et. al. (2000) interpreted the Snake Creek mudstone member flooding
event to have been driven by rapid flexural (foreland) subsidence associated with tectonic forces
in the orogen to the east.

Target Geological Formation
The target formation for the ATP 814P East Block is the P coal seam within the Moranbah coal
measures. The Moranbah coal measures outcrop in the ATP 814P East Block with the P coal
seam sub-cropping to the east under the Tertiary basalt. The P coal seam dips to the west and
has an average depth of 500m below the surface (See Figure 3: P coal seam depth map in ATP
814P East Block). All the pilot testing bores have one set of fully cemented surface casing isolating
the bore from the Quaternary alluvium and Tertiary basalts, as well as another set of fully
cemented production casing isolating the P coal seam from the Permian interburden. Therefore
there will be no communication between any of the formations and the pilot testing interval. The
P coal seam has a net thickness of 3 to 7 metres with gas contents in the range of 20 to 40scc/g
on a dry ash free basis. The Permian interburden between the P coal seam and the Quaternary
alluvium and Tertiary basalts is generally greater than 400m in thickness, and contains interbeded
and very low permeability sands, silts, clays, and coals (See Figure 4: Cross-section of the P coal
seam and surface aquifers within the ATP 814P East Block). This interval thins to zero metres in
the east as the P coal seam sub-crops underneath the Tertiary basalt. The actual sub-crop edge
is difficult to determine since there are no wells or seismic near the edge of the basin. The
interpretation of the P coal seam sub-crop edge is consequently conservative.
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Figure 3: P coal seam depth map in ATP 814P East Block
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Figure 4: Cross-section of the P coal seam and surface aquifers within the ATP 814P East Block
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PART A: UNDERGROUND WATER EXTRACTIONS
Quantity Of Water Already Produced
The initial UWIR used the start of “pilot testing” to be the same date as that approved by, and
reported to the Department of Natural Resources and Mines (DNRM). The P&G Act does allow
for 30 days (counting only days where water was produced) of well operations and initial wellbore
unloading and clean-up. By this definition, Blue Energy started its first pilot testing on 12 March
2011.
In the initial UWIR report following 12 months of pilot testing, a total of 3.25ML of water from the
P coal seam within the Moranbah coal measures had been produced between March 2011 and
March 2012.
Production testing continued for the next twelve months and ceased in the last well in January
2013 with a total of 0.65ML being produced during this period.
The total volume of water produced from all four wells between March 2011 to January 2013 was
3.90ML (See Table 1: Quantity of water produced from 12 March, 2011 to 12 March, 2012)
Produced water in litres per month per well
Month
Mar-11
Apr-11
May-11
Jun-11
Jul-11
Aug-11
Sep-11
Oct-11
Nov-11
Dec-11
Jan-12
Feb-12
Mar-12
Apr-12
May-12
Jun -12
Jul-12
Aug-12
Sep-12
Oct-12
Nov-12
Dec-12
Jan-13
TOTAL PER WELL (Litres)
TOTAL WATER PRODUCED (Litres)

Monslatt 4
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.3
3,907,345.4

Monslatt 5P
66,235.6
165,629.8
219,595.1
269,573.8
512,679.2
501,193.6
463,706.0
47,794.0
0.0
2,608.0
48,748.0
325,994.0
72,188.0
139,550.0
537,470.0
506,430.0
513,910.0
171,870.0
0.0
0.0
0.0
0.0
0.0
2,867,815.1

Monslatt 6P

Monslatt 7

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
225.0
8,582.0
10,235.0
1,800.0
6,080.0
1,580.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
28,502.0

62,768.3
37,734.3
50,908.5
60,299.0
89,229.8
54,928.1
14,772.0
81,273.0
0.0
1,400.0
3,227.0
62,929.0
19,259.0
20,540.0
84,170.0
73,450.0
53,390.0
49,270.0
47,510.0
54,890.0
45,380.0
16,310.0
27,390.0
1,011,028.0

Table 1: Quantity of water produced from 12 March 2011 to 12 March 2012

The above table does not include the Monslatt 9 well drilled from 26 August 2011 to 30 September
2011. This well is currently cased and suspended and has not been put on pilot test.
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Quantity Of Water To Be Produced In The Next Three Years
ATP 814P East Block is still in the exploration stage and Blue Energy have no immediate plans to
place these wells back on test.
Year

Estimated produced water in litres per year per well
Monslatt 4

Monslatt 5P

Monslatt 6P

Monslatt 7

Monslatt 9

Feb 2015 - Dec 2016

0

0

0

0

0

Jan 2016 - Dec 2016

0

0

0

0

0

Jan 2017 - Dec 2017

0

0

0

0

0

TOTAL PER WELL (litres)

0

0

0

0

0

TOTAL ESTIMATED WATER (litres)

0

Table 2: Estimated quantity of water to be produced in the next three years

A total of 3,907,345.4 litres was produced from March 2011 with production testing on the final
well ceasing in January 2013. No water has been produced for the last three years and no
future testing is planned at this stage.
Parts B-E have been retained as written for the original report. With minimal initial water
production and cessation of testing 3 years ago there has been no impact on any of the
underground aquifers within the monitoring area. Due to current legislation under the Water Act
2000 (Water Act) Blue Energy Ltd is still required to publish a UWIR report for public
consultation advising the predicted water production for the next three years will be 0 litres.
The IAA prediction on drawdown did not eventuate due to water production being significantly
less than originally estimated in the modelling.
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PART B: AQUIFER INFORMATION AND UNDERGROUND
WATER FLOW
Aquifer Descriptions
The primary surface aquifers in the ATP 814 East Block area are alluvial aquifers associated with
sands, gravels, silts and clays of the Quaternary alluvium and fractured rock aquifers in the
Tertiary basalts (SKM, 2009). The surface alluvial aquifers provide the most significant ground
water resource in the area; however there are areas where the basalt aquifers yield a useful water
source for stock and domestic use (SKM, 2009). For this study, the other two aquifers are the
Permian interburden and the Permian P coal seam within the Moranbah formation. The Permian
interburden is comprised of alternating layers of low permeability sands, shales and coals. This
interburden layer is generally 500m thick in the west and thins to the east as the basin rises up to
the surface. The vertical and horizontal permeability of the Permian interburden is generally very
low. The P coal seam within the Moranbah coal measures is approximately three to nine meters
in thickness in the ATP 814P East Block. The permeability is low within the coal zone, but, is
generally higher than the Permian interburden that separates the P coal seam from the surface
aquifers.

Quaternary Alluviums
Within our project area, the Quaternary alluviums are quite extensive and associated with Bee
and Nebo creeks and are considered to be strongly associated to the surface water (SKM, 2009).
Quaternary alluviums are fluvial sediments that consist of clay, silt, sand and gravel and exist
primarily around creeks, rivers and the associated flood plains. Based on available data, the
thickness of the Quaternary alluvium in the project area is typically between 20m to 60m. The
Quaternary alluvium thickness includes clay sequences and unsaturated sediments and therefore
does not represent true aquifer thickness (See Figure 5: Cross-section of Quaternary alluvium
north of ATP 814P East Block, SKM, 2009). This Figure is the cross-section from the Quaternary
alluvium to the north of the ATP 814P East Block. Even though it is not in ATP 814P East Block,
it gives us a good idea of how compartmentalized the Quaternary alluviums are. The Quaternary
alluviums are classed as a porous media aquifer where groundwater occurs within the voids
between individual grains and is unconsolidated in nature. The primary recharge processes in the
Quaternary alluvial aquifers are generally from direct infiltration of rainfall and overland flow where
no substantial clay barriers exist or direct infiltration from surface water flow and/or flooding. The
primary discharge mechanism in the Quaternary alluvial aquifer is likely to be through flow into
adjacent or underlying aquifers (Tertiary basalts), evapotranspiration, discharge to surface water
systems and groundwater extraction.
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Figure 5: Cross-section of Quaternary alluvium north of ATP 814P East Block
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Tertiary Basalts
The spatial distribution of the Tertiary basalt aquifer is to the west of Nebo and on the eastern side
of our project area (See Figure 6: ATP 814P East Block hardrock geology map). The basalt is
composed of flat lying flows that contain a higher number of vesicular layers that is almost
completely weathered (Pearce. B, Hansen.J, 2006). The thickness ranges from 20m to 200m but
is generally 80m. The Tertiary basalt aquifer is classed as a secondary porosity aquifer that stores
and transmits the groundwater in fractures and joints within the rock mass and is consolidated in
nature. The volume of groundwater contained within the fractured rock aquifer and the ability of
the aquifer to transmit water is dependent on the degree of fracturing, how interconnected the
fracture systems are and the degree of weathering. Therefore, aquifer properties are highly
variable but generally poor. The primary recharge process in the basalt aquifer occurs via
infiltration of rainfall on rock outcrop areas where no substantial clay barriers exist in the shallow
subsurface and vertical seepage or through flow from overlying or adjacent alluvial aquifers. The
primary discharge mechanism in the basalt aquifer would likely be down gradient Tertiary basalt
areas, through flow into adjacent or underlying aquifers (outcropping or sub-cropping coal seams),
evapotranspiration and groundwater extraction.

Permian Interburden
The Permian interburden aquifer is underlying the whole ATP 814P East Block. The Permian
interburden thickens to 500+m to the west of the block and thins to zero metres in the east as the
basin comes up to the surface (See Figure 7: ATP 814P East Block cross-section). The Permian
interburden is comprised of two formations, the Permian Fort Cooper coal measures which are
just under the surface aquifers in the western part of the block, and the Moranbah coal measures
which make up most of the Permian interburden. The formations are of similar composition and
are comprised of consolidated, very low permeability, interbeded layers of sand, silt, clay and coal.
These interbeded layers are very poor at transmitting and storing water, and therefore are not
used in the area for stock or domestic use.

P Coal Seam
The P coal seam lies directly below the Permian interburden and is within the Moranbah coal
measures in ATP 814P East Block. The thickness varies from three to nine metres, but averages
around five metres. The seam is predominately consolidated coal with a less than one metre
volcanic tuff layer near the bottom of the seam. The coal rank is anthracite and is poor at storing
and transmitting water, therefore it is not used for stock or domestic purposes in this area.
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Figure 6:ATP 814P East Block hardrock geology map
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Figure 7: ATP 814P East Block cross-section

The extent of these formation over the project area have been confirmed by a search of the
GEOLDATA 1;100,000 map series published by the Department of Natural Resources, Mines and
Water, 2006. This hardrock geology map verifies the extent of the Quaternary alluviums, Tertiary
basalts and Permian Interburden in the ATP 814P East Block
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Underground Water Flow And Aquifer Interactions
Using the available data, groundwater elevation maps for the Quaternary alluvium and
Tertiary basalt aquifers have been developed for the project area (See Figures 8 to 10). Figures
8 to 10 show that the general flow direction of the Quaternary alluvium and Tertiary basalt aquifers
follows the surface topography and rivers to the south of the project area. The connectivity of the
two aquifers will vary depending on the proximity of the alluvial to the basalt aquifer (on top of,
adjacent to or far away from). Also, given the heterogeneous nature of the Quaternary alluvium
and the heavily weathered Tertiary basalt, the interconnectivity of the aquifers is highly variable.
Due to the limited amount of information on the water bores in the area, estimates on water
extraction, (assumed low, due to variable yield rates and only used for domestic/stock use)
baseflow and underground water recharge are not available.
To determine the range of hydraulic properties of the Quaternary alluviums and Tertiary basalt, a
literature review and DEHP database search was performed. More data is available within the
Quaternary alluviums as they are better aquifers in the catchment. Reported bulk transmissivities
range from 500m2/day to 3,000m2/day, but more commonly they range from 1,000m 2/day to
2,000m2/day (Bengston, 1998). Documented horizontal hydraulic conductivity values range from
25m/day to 350m/day, but have been averaged to 150m/day in the Nebo area (PPK, 1998).
Commonly, pumping tests are undertaken for bores in a productive area and consequently usually
overestimate specific yield across larger areas of an aquifer (SKM, 2009). Previous studies for
the Braeside, Nebo and Cockenzie bore fields have assumed an average specific yield to be in
the range of 0.02 and 0.2 (SKM, 2009).
There is not much information on the hydraulic properties of the Tertiary basalt aquifer. Hydraulic
information that is used in the hydrogeologic model was derived from Arrow Energy’s
hydrogeologic model in their Underground Water Impact Reports for ATP 1103 (Arrow UWIR ATP
1103, 2011). The assumed horizontal hydraulic conductivity ranges from 0.0052m/day to
0.02m/day, with the assumed vertical hydraulic conductivity ranging from 5.2x10 -4m/day to 2x103m/day. The specific yield for the basalt aquifer was assumed to be between 0.1 and 0.2.
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Figure 8: Water elevation (msl) for layer one and two (North)
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Figure 9: Water elevation (msl) for layer one and two (Middle)
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Figure 10: Water elevation (msl) for layer one and two (South)
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The Quaternary alluvium and Tertiary basalt aquifers show a similar chemical characteristic which
implies they may be connected, but the level of connectivity is most likely limited. Where the
Quaternary alluvial aquifer overlies the Tertiary basalt there should be more connectivity than
where the two aquifers are separated. Due to the low density of water bores it makes it difficult to
establish the effective connectivity of the aquifers.
Appendix 1 shows the water analysis for the Quaternary alluvial, Tertiary basalt and P coal seam
bores. The pH for the Quaternary alluvium and Tertiary basalt water bores averages just over 8.0,
while the P coal seam bores average just over 8.6 and is a little more basic than the surface
aquifers. The Electrical Conductivity (EC) and Total Dissolved Solids (TDS) vary widely within the
alluvial and basalt aquifers. These changes in trends could vary due to local recharge or local
environmental conditions. The alluvial and basalt aquifers have quite a high variation in dissolved
minerals and this is most likely due to spacial distribution of the well bores and the conditions
when the samples were taken (i.e. drought or wet periods). Even though there is variability within
the alluvial and basalt water analysis, the P coal seam water analysis does show a significant
difference in some dissolved minerals and compound concentrations. The Total Hardness as
CaCO3 in the P coal seam averages around 7 mg/l while in the alluvial and basalt reservoirs it is
around 500mg/l. Also, the Fluoride levels in the P coal seam average to about 2.65mg/L, while in
the surface aquifers the Fluoride level averages around 0.3mg/L. Total Nitrate and Nitrite levels
are significantly higher in the surface aquifers than in the P coal seam (2mg/L compared to
0.07mg/L). Even though there are a small number of water samples in the P coal seam and the
surface aquifers, there are a few dissolved minerals and compounds that show the surface
aquifers have limited connectivity to each other and no connectivity to the underlying P coal seam.

Underground Water Level Trend Analysis
The closest water level monitoring bore to the study area was from the Nebo township to the east
of the ATP 814P East Block. Although a few other water bores did have monitoring point water
level data. Figure 11 shows the daily water level for DEHP monitoring bore RN 13040276A
(Nebo). The monitoring bore is measuring the water level for the local Quaternary alluvium
aquifer. This monitoring bore was not affected by any wells during the production testing phase
which ceased in January 2013 and only depicts the impact of rainfall on the local alluvial aquifer.
The graph was therefore not updated for the three remaining months November 2012 – January
2013 when all production testing ceased.
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Figure 11: Daily water level for DEHP monitoring bore RN1304276A (Nebo)

The bore level starts to decline in late 2006, then increases steadily until mid-2008 where it levels
off before it starts decreasing again in late 2009. Following a slight rise in April 2010 and a few
flat months the water level greatly increases at the end of 2010 and start of 2011. After about
mid-2011 the level begins to decrease rapidly. These changes in water level can be explained by
the amount of rainfall in the Nebo area over this time frame.
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Figure 12: Cumulative departure from mean, average monthly rainfall, Nebo area

Figure 12 shows the cumulative departure from mean for the average monthly rainfall in the Nebo
area. Five rainfall stations were averaged to produce this graph. Within the graph we can see
that the negative (water level reducing) and positive (water level increasing) trends correspond to
the rise or fall in the water level at the Nebo monitoring station. These trends also show that the
biggest factor to aquifer bore level is rainfall.
Figure 13 shows the water level point data for six DEHP registered bores over the time period.
The Rio Tinto 2-5 bores are within the basalt aquifer and the Ware 1 and Symonds 1 bores are
within the alluvial aquifer. In this graph we can see the general increase in water bore level from
June 2008 to July 2011.

Figure 13: DEHP water level data, Nebo area
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PART C: PREDICTED WATER LEVEL DECLINES FOR
AFFECTED AQUIFERS
Maps Of Affected Areas
After running the initial numerical model with estimated water withdrawal rates, two Immediately
Affected Area maps were generated. One for the Permian interburden (see Figure 14:
Immediately Affected Area map for the Permian interburden in ATP 814P East Block) and the
other for the P coal seam (See Figure 15: Immediately Affected Area map for the P coal seam in
ATP 814P East Block). No water level declines were predicted in the Quaternary alluvium and
Tertiary basalt aquifers. The modelling predicted that the main water level drawdown was in the
P coal seam. A 180m head reduction value was predicted in the Monslatt 5P area, a 40m head
reduction value was predicted around Monslatt 7 and 4, and only a 10m head reduction level was
predicted around Monslatt 6P and 9 after four years of pilot testing at a high case estimated water
withdrawal rate.
The pilot testing only continued for two years and the amount of water produced was significantly
less than originally predicted. Therefore the predicted water level declines did not occur.
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Figure 14: The predicted Immediately Affected Area for the Permian interburden in ATP 814P East Block in the 2013
UWIR did not occur as less water was extracted than initially predicted due to a shortened production
testing phase.
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Figure 15: The predicted Immediately Affected Area for the P coal seam in ATP 814P East Block Block in the 2013
UWIR did not occur as less water was extracted than initially predicted due to a shortened production
testing phase.
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Water Bores In The Immediately Affected Area
A shortened production period saw a significant reduction in the volume of water extracted
than initially predicted in the initial UWIR. As no water has been produced since 2013 there is no
Immediately Affected Area.

Methods And Techniques Used
Numerical groundwater modelling has been undertaken to provide estimates of decline in water
level in response to the extraction of groundwater associated with pilot testing in the Bowen
Basin. MTNA PTY (an independent third party who specializes in hydrogeological modelling)
was contracted to produce the hydrogeologic model for the ATP 814P East Block, so the
following methods and techniques come from the MTNA Report, 2012.

Model Approach
The groundwater modelling package MODFLOW-SURFACT (Hydrogeologic Inc., USA) was
selected to construct the required numerical model. SURFACT is an enhanced version of
MODFLOW developed by the United States Geological Survey. MODFLOW is the most widely
used code for groundwater modelling and is currently considered an industry standard.
SURFACT incorporates additional computational modules to enhance the simulation capabilities
and robustness. The additional features include:








The modelling of variable saturation conditions (allowing for complete desaturation
conditions) thus avoiding dry-cell problems.
Fracture porous media simulation with dual porosity.
An adaptive time-stepping scheme automatically adjusts time-step size to the nonlinearities of the system to optimize the solution stability.
Prevents water table build-up beyond a specified recharge-ponding elevation.
More robust and efficient PCG matrix solver.
Comprehensive mass budget based on mass-conserving algorithm.
Available time-varying properties for hydraulic conductivity and storativity.

For the purpose of predictive simulation, a pseudo-steady state model was constructed and
calibrated in order to verify model conceptualisation and attain reasonable parameter ranges
aligned with field measurements. The outcome of the steady-state model was used as initial
conditions for the transient predictive model. Uncertainty analysis was conducted for predictive
simulations through several scenario runs to further quantify impacts from parameter uncertainty.

Model Grid And Extent
The predictive groundwater assessment model was constructed across an area of 12.8km by
26.4km (See Figure 16: Model extent). The model extent was governed by approximated P coal
seam boundaries in the east and south. The western and northern boundaries were extrapolated
based on available water level data.
The model has a uniform grid of 200m by 200m for the model area. It comprised:
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A model area of 338km2
132 rows and 64 columns
32,430 active cells for a four-layer model.

Model Layers
Publicly available digital elevation data (STRM data) with 90m x 90m grid spacing was used to
represent the ground surface in the model. Blue Energy provided contours of depth to top of P
coal seam below land surface (See Figure 3: P coal seam depth map), which were used to
generate elevations for the P coal seam layer.
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Figure 16: Model extent

The model layers were conceptualized by Blue Energy and were summarized in Table 4. The
layer thicknesses for the first and second layers are 40m each. This would be able to represent
the Quaternary alluvium (assumed to be an average of 40m) in layer one where it is present.
Layer one and layer two were used to represent the Tertiary Basalts (assumed to be an average
of 80m) where it is present. Where there were no Quaternary alluvium or Tertiary basalts, Permian
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interburden was used for the first two layers. Layer three was totally comprised of Permian
interburden and the thickness of the layer depended on the depth of the P coal seam minus the
80m from layers one and two. The fourth layer is defined as the P coal seam with a layer thickness
of 5m. It is likely that upward pressure below the P coal seam may exist. The effect of no layers
below the P coal seam is therefore considered to be conservative and would likely to be a ‘worst
case scenario’.
Model Layer

Layer Thickness

1

Formations
Quaternary alluvium or Tertiary basalt or
Permian interburden

2

Tertiary basalt or Permian interburden

40m
40m

3

Permian interburden

0.5m to 450m+

4

P coal seam

5m

Table 3: Groundwater model layers

Boundary Conditions
Model boundaries were determined based on limited available data and assumption. The model
boundaries include:


Top flux boundary: comprising of evapotranspiration rates and recharge. Evapotranspiration
was implemented through average areal potential evapotranspiration rate (1650mm/yr) from
the Bureau of Meteorology (See Figure 17: Average areal potential evapotranspiration rate)
and an extinction depth (2m) Recharge was considered insignificant and could be less than
0.1% of mean annual rainfall (700mm/yr). The recharge zones are presented in Figure 18.
Ephemeral creeks were represented as drains in the model.
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ATP 814P East Block

Figure 17: Average areal potential evapotranspiration rate map
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Figure 18: Recharge zones in the hydrogeologic model



Head Boundaries: Horizontal inflow/outflow was determined based on specified head
boundaries. The head boundaries were extrapolated from the available head observations
based on topographic elevations and depth to water below land surface of nearby
observations. Head boundaries for layer one are presented in Figure 19.
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No Flow Boundary: No flow boundaries were assigned to the eastern and partly southern
boundaries of layers three and four. Boundaries within the Permian interburden zones in layers
one and two were also assigned as no flow boundaries.

Hydraulic Parameters
Probable ranges of hydraulic conductivity (K) and storativity values, as displayed in Table 5, were
derived from hydraulic test results and literature values (SKM 2009, Arrow Energy 2011, AGEC,
2008) where onsite data was not available.
K(horizontal) (m/day)

K(vertical) (m/day)

Storage Coefficient

Specific Yield

Layer

Min.

Max.

Min.

Max.

Min.

Max.

Min.

Max.

1

0.25

300

2.5

30

0.00001

0.0001

0.1

0.2

2

0.00518

0.0191

0.000518

0.00191

0.00001

0.0001

0.1

0.2

3

0.0001

0.006

0.0000005

0.000005

0.000001

0.00001

0.01

0.05

4

0.0001

0.03

0.00001

0.003

0.000001

0.00001

0.01

0.05

Table 4: Probable ranges of hydraulic parameters

Model Calibration
The model calibration targets are groundwater level data provided by Blue Energy, and are
available on Table 6. There are 12 observations available for the four model layers after removing
the outliers. These observations were used to construct regional flow patterns and served as
“point-to-point” matching targets in model calibration. The observation locations are presented in
Figure 20.
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Figure 19: Head boundaries for layer one
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Figure 20: Quaternary alluvium and Tertiary basalt aquifers with bore locations
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Well

Layer

Water Level (m)

Rio Tinto 6

1

190.0

200.00

-10

Rio Tinto 2

1

204.0

210.00

-6.01

Rio Tinto 3

1

201.4

215.52

-14.1

Symonds 1

1

166.2

180.27

-14.09

Rio Tinto 4

2

220.1

230.00

-9.94

Rio Tinto 5
Monslatt 1A

2

185.6

199.66

-14.06

3

173.3

195.27

-22

Monslatt 5P

3

182.6

225.60

-43

Monslatt 6P

3

157.9

201.90

-44

Monslatt 1A

4

174.3

195.27

-21

Monslatt 5P

4

195.6

225.60

-30

Monslatt 6P

4

176.9

201.90

-25

Model

Surface Elevation (m)

Water depth (m below GL)

Table 5: Water level elevations for geologic layers

Parameterization

Following the principle of
parsimony, model
parameterization was kept as simple as possible while accounting for the system processes and
characteristics that are evident in observations and important to predictions. In this study,
hydraulic conductivity (K) and storativity (S) values were assigned as homogeneous values
within the hydrogeologic units. Four horizontal and four vertical K parameters were assigned to
the model layers.
Drain conductance values were estimated through the steady-state calibration. Uniform
recharge rates for the Quaternary alluvium and Tertiary basalt were also estimated through the
calibration.

Calibration Approach
Model calibration is a process of refining the depiction of the hydrogeological framework, aquifer
hydraulic properties, and boundary conditions until a desired correspondence is achieved between
the simulated and measured field data. The end result of the model calibration process is a
potential optimal set of parameter values and boundary conditions that minimise the discrepancy
between simulated and measured field data.
The major calibration target of the model was groundwater level data with constraints of
reasonable ranges of hydraulic conductivity and other parameters (e.g. recharge). Transient
calibration was not conducted due to limited available data.
The parameter estimation program PEST (Doherty, 2008) along with detailed parameter output
verification was used to calibrate the parameters of the regional groundwater flow model. PEST
implements a nonlinear least-squares regression method to estimate model parameters by
minimising the sum of squared weighted residuals of groundwater levels.
The calibration process was assessed against the Murray-Darling Basin Commission
Groundwater Flow Modelling Guideline, (Aquaterra, 2000), and the ASTM standards.

Calibration Assessment
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The pseudo steady-state calibration aimed at representing an average state of groundwater
levels. A total of 12 groundwater measurements from different monitoring points and layers were
used for the calibration process. Parameter values of hydraulic conductivities, recharge, and drain
conductance were estimated through PEST calibration process.
The relation between the simulated and observed groundwater levels was the preferred indicator
of model error. A scatter plot of simulated versus observed groundwater levels is shown in Figure
21 for steady-state calibration. The relationship follows a straight line with a R2 value of 0.92.
230.0
y=x
R² = 0.92

220.0

Simulated (m)

210.0

200.0

190.0

180.0

170.0

160.0

150.0
150

160

170

180

190

200

210

220

230

Observed (m)
Figure 21: Simulated versus observed head values for steady-state calibration

Root-mean-square error (RMSE) was selected to evaluate the performance of model calibration
based on groundwater levels. Good agreements between calibrated results and field
measurements usually have RMSE less than 10% of the difference between the observed
maximum and minimum potentiometric heads within the model area (National Water Commission,
2012). The RMSE for the steady-state calibration was 5.2m, which is 4.4% of the approximate
117m range of groundwater levels. Table 7 shows calibration statistics for steady-state simulation.
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Calibration Statistics

Steady-State Calibration

Mean Error (m)

-1.56

RMSE (m)

5.15

Standard Deviation (m)

5.12

Head Range (m)

117

Mean Error %

-1.30%

RMSE %

4.40%

Standard Deviation %

4.40%

R2

0.92
Table 6: Calibration statistics for steady-state calibration

The groundwater levels from steady-state simulation for layer four (P coal seam) were contoured
to provide an indication of groundwater level variation across the site. The calibrated parameters,
which were then used for the predictive modelling, are summarized in Table 8. Figure 22 presents
the simulated pseudo steady state groundwater head contours. The hydraulic conductivity values
for layer one are presented in Figure 23.

Kx

Kz

(m/d)
35

(m/d)
3.5

Tertiary Basalt

0.0143

0.00143

Permian interburden

0.0007

0.000001

P coal seam

0.01

0.001

Recharge for alluvium and basalt (% of rainfall)

0.01% and 0.28%

Unit
Quaternary alluvium

0.005

Drain conductance
Table 7: Summary of calibrated parameters
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Figure 22: Simulated groundwater head contours in layer four
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Figure 23: Hydraulic conductivity distribution for layer one
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Model Limitations
The flow model was a simplification of a real system, so it is subject to limitations. Limitations
result from the simplification of the conceptual model upon which the numerical model is based,
the grid scale, the inaccuracies of measurement data, and the incomplete knowledge of the spatial
variability of input parameters.

Predictive Simulations
After the steady-state model was calibrated to the available data, the model was then converted
to transient flow conditions to undertake the predictive scenarios for impact assessment.
Predictive simulation was conducted to assess the drawdown impacts on the surface aquifers due
to pilot testing within the tenement.
The calibrated hydraulic conductivity values were used for the predictive simulation; while the
storativity values were adopted from literature reviews. Transient calibration was not possible with
the available data. The model parameters used during the simulations are presented in Table 9.

Model Layer

Unit

1

Quaternary alluvium, Tertiary
basalt, Permian interburden

Kx (m/d)

Kz(m/d)

Sc*

Sy*

35, 0.0143,
0.0007

3.5, 0.00143,
0.000001

0.0001

0.15

0.0143, 0.0007
0.0007

0.00143, 0.00001
0.000001

0.0001
0.00001

0.15

3

Tertiary Basalt, Permian
interburden
Permian interburden

4

P coal seam

0.01

0.001

0.00001

0.03

2

Recharge

0.01% and 0.28% of mean annual rainfall

Drain conductance

0.005

0.03

*Sc- storage coefficient; Sy- specific yield
Table 8: Summary of parameters in the predictive simulation

Extraction Rate
Five pilot testing bores were located within the tenement. Tables 10 and 11 presents initial
estimated and actual cumulative water volumes extracted from the bores from 2011 to 2015. The
cumulative water volume extracted for 2011-2012 was from pumping records of 204 days during
the year, and the estimated cumulative water volumes extracted for 2012 to 2015 were based on
a threefold increase in water extraction rates from the 2011-2012 year.
Average daily rate for each bore was used in the model and was obtained based on cumulative
volume and active pumping days, which were 204 days for 2011 and 365 days (daily pumping)
for 2012-2013, 2013-2014, and 2014-2015.
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Monslatt 4

2011-2012 Actual
Cumulative
Water Volume
(Litres)
0

2012-2013 Estimated
Cumulative
Water Volume
(Litres)
500,000

2013-2014 Estimated
Cumulative
Water Volume
(Litres)
500,000

2014-2015 Estimated
Cumulative
Water Volume
(Litres)
500,000

Monslatt 5P

2,310,000

7,500,000

7,500,000

7,500,000

Monslatt 6P

0

500,000

500,000

500,000

Monslatt 7

533,000

1,500,000

1,500,000

1,500,000

Monslatt 9

0

500,000

500,000

500,000

Well

Table 9: Cumulative water volume extracted from 2011-2012 and estimated volumes for 2012-2015

The actual cumulative volumes for the bores from 2011-2015 in comparison with the estimated
volumes above. (Table 10)
Well

2011-2012
Cumulative
Volume (Litres)

2012-2013
Cumulative
Volume (Litres)

2013-2014
Cumulative
Volume (Litres)

2014-2015
Cumulative
Volume (Litres)

Monslatt 4

0.3

0

0

0

Monslatt 5P

2,249,015

2,316,160

0

0

Monslatt 6P

0

28,277

0

0

Monslatt 7

453,313

530,325

27390

0

Monslatt 9

0

0

0

0

Table 10: Actual cumulative water volumes extracted from 2011-2015

Uncertainty Analysis
Prediction uncertainty arises mainly as a result of uncertainties in model conceptualisation and
model parameters. The effects of alternative conceptualisations on the calibrated model were not
explored in this study because the alternatives were considered very limited and the current model
has been built based on the best available information.
Parameter uncertainty was explored through selected parameters, which were potentially
sensitive to have impacts on predictive drawdown. The base parameters are presented in Table
9, and the additional model runs with varied parameters are summarized in Table 11.
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Case

Parameter

1

Quaternary alluvium Kx* (m/day)

Value
70

2

Quaternary alluvium Kx* (m/day)

17.5

3

Tertiary basalt Kx* (m/day)

0.0286

4

Tertiary basalt Kx* (m/day)

0.00716

5

Permian interburden Kx (m/day)

0.0035

6

Permian interburden Kx (m/day)

0.00014

7

P coal seam Kx* (m/day)

0.05

8

P coal seam Kx* (m/day)

0.002

9

Permian interburden Kz (m/day)

0.000005

10

Permian interburden Kz (m/day)

0.0000002

11

Recharge for Quaternary alluvium and Tertiary basalt (%)**

0.020% and 0.56%

12

Recharge for Quaternary alluvium and Tertiary basalt (%)**

0.005% and 0.14%

13

Drain conductance

0.0109

14

Drain conductance

0.00273

15

Quaternary alluvium and Tertiary basalt Sc

0.0005

16

Quaternary alluvium and Tertiary basalt Sc

0.00002

17

Permian Interburden and P coal seam Sc

0.00005

18

Permian interburden and P coal seam Sc

0.000002

19

Quaternary alluvium and Tertiary basalt Sy

0.2

20

Quaternary alluvium and Tertiary basalt Sy

0.1

21

Permian interburden and P coal seam Sy

0.05

22
Permian interburden and P coal seam Sy
*Kz changed accordingly to keep the ratio of Kz/Kx= 1:10
**percentage of mean annual rainfall

0.01

Table 11: Parameters that were varied for additional model scenarios

The analysis of parameter uncertainty was conducted along with steady-state calibration statistics
for parameters of hydraulic conductivity, recharge, and drain conductance (cases one to 14). The
calibration statistics for variation in storativity were not provided as no transient calibration model
was available (cases 15 to 22).
Table 12 shows the calibration statistics for cases one to 14. Of cases one to 14, all cases had
RMSE% under 10%, which means all the varied parameters were still within the acceptable
calibration range. Figure 24 shows the RMSE% for cases one to 14. No calibration statistics
are available for cases 15 to 22 since no transient calibration model was available.
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Sensitivity Run

ME (m)

RMSE (m)

ME%

RMSE%

R2

Base Case

-1.56

5.15

-1.3%

4.4%

0.92

Case 1

-1.57

5.13

-1.3%

4.4%

0.92

Case 2

-1.55

5.19

-1.3%

4.4%

0.92

Case 3

1.29

6.69

1.1%

5.7%

0.89

Case 4

-3.34

5.71

-2.9%

4.9%

0.92

Case 5

1.18

5.04

1.0%

4.3%

0.92

Case 6

-4.42

7.86

-3.8%

6.7%

0.86

Case 7

-2.15

5.28

-1.8%

4.5%

0.94

Case 8

-0.56

5.58

-0.5%

4.8%

0.89

Case 9

-3.57

7.59

-3.0%

6.5%

0.85

Case 10

-0.69

3.89

-0.6%

3.3%

0.95

Case 11

-3.54

5.82

-3.0%

5.0%

0.93

Case 12

1.39

6.79

1.2%

5.8%

0.89

Case 13

-1.56

5.15

-1.3%

4.4%

0.92

Case 14

-1.56

5.15

-1.3%

4.4%

0.92

Table 12: Calibration statistics for cases one to 14 (Steady-state calibration only)

Figure 24: RMSE% for cases one to 14 (Steady-state calibration only)
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The lowest RMSE% was from case 10 with Kz value of 2.0x10-7 m/day for the Permian
interburden (layer three), and the highest RMSE% was from case 6 with Kx value of 1.4x104m/day for the Permian interburden (layer three). It suggested that interburden comprised of
permeable and relatively impermeable layers. For horizontal flow, the permeable layers would
dominate; but for vertical flow, the relatively impermeable layer would dominate. The calibrated
model therefore tended to work better with lower Kz value of Permian interburden.
Mean and maximum drawdown values for layers one and four at the end of year 2014 are
presented in Table 13 for the model scenarios. For the base case, the mean drawdown in layer
four (P coal seam) was 6.0m and the maximum drawdown was 271.2m, and it occurred at the
location of Monslatt 5P.
The maximum drawdown values in layer one for all the cases was insignificant. The only case
with maximum drawdown above zero (0.2m) was case 9, which had a larger vertical hydraulic
conductivity value (Kz) in layer three. Case 9 was also the scenario with second highest RMSE%
in Table 11, suggesting that higher Kz value than the base case might result in larger head
residuals.
Layer 1

Layer 4

Model Run

Mean Drawdown
(m)

Max Drawdown
(m)

Mean Drawdown
(m)

Max Drawdown
(m)

Base Case

0.0

0.0

6.0

271.2

Case 1

0.0

0.0

6.0

271.2

Case 2

0.0

0.0

6.0

271.2

Case 3

0.0

0.0

6.0

271.2

Case 4

0.0

0.0

6.0

271.2

Case 5

0.0

0.0

6.0

270.7

Case 6

0.0

0.0

6.1

272.0

Case 7

0.0

0.0

2.8

60.4

Case 8

0.0

0.0

4.2

377.6

Case 9

0.0

0.2

3.1

238.8

Case 10

0.0

0.0

7.6

284.6

Case 11

0.0

0.0

6.0

271.2

Case 12

0.0

0.0

6.0

271.2

Case 13

0.0

0.0

6.0

271.2

Case 14

0.0

0.0

6.0

271.2

Case 15

0.0

0.0

6.0

271.2

Case 16

0.0

0.0

6.0

271.2

Case 17

0.0

0.0

2.0

237.6

Case 18

0.0

0.0

8.7

278.8

Case 19

0.0

0.0

6.0

271.2

Case 20

0.0

0.0

6.0

271.2

Case 21

0.0

0.0

6.0

271.0

Case 22

0.0

0.0

6.1

271.5

Table 13: Mean and maximum drawdown values for layers one and four at the 2014-2015 pumping year end.
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Annual Review
An annual review will incorporate any new data gathered during the year for the ATP 814P East
Block, and will be used to determine if a material change in the modelling has occurred that will
require the flow modelling to be run again. It will also include data gathered should pilot testing
occur on the remaining ATP 814P blocks. Blue Energy will provide a summary of the review
outcomes to the Chief Executive.
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PART D: WATER MONITORING STRATEGY
Water Monitoring Strategy
Numerical modelling of the underground formations and associated water have predicted that
only the target P coal seam and the Permian interburden have an Immediately Affected Area
during the exploration phase of the ATP 814P East Block. This is fully expected as the P coal
seam is the target formation for pressure depletion. This P coal seam is not a source of bore
water in the area due to:




Having high gas content and low water content.
Having water quality that exceeds the Australian Drinking Water Guidelines 2004 (ADWG),
published by the National Health and Medical Research Council.
Not being cost effective due deep depth, high cost, and low water productivity.

The water monitoring strategy for the P coal seam will be based on industry standard
reservoir evaluation practices. This practice is performed by Reservoir Engineers, who are a
subset of the Petroleum Engineering community. They are supported by Geophysicists,
Geologists, and Petrophysicists. Reservoir evaluation methods specific to coal reservoirs are
evolving over time and currently include seismic interpretations, core evaluation, well logging,
transient through steady state pressure testing, and pilot testing analysis.
Initial exploration drilling has established the presence of gas bearing coals at depths. Mapping
with limited well control, surface outcrops, seismic, and magnetic surveys have provided
estimate of lateral extent of the coals. The next phase of exploration efforts of pilot testing is to
frame the petroleum reservoir unknowns of:










Initial reservoir pressure
Effective gas saturation and volumes available to long term pilot testing
Gas productivity
Gas quality
Effective water saturation and volume for long term pilot testing
Water productivity
Water quality
Effective well drainage volume, both laterally and vertically
Range of variance on all the above parameters

Coals seams are very complex, and are characterized by a high degree of heterogeneity
vertically and laterally. This heterogeneity results in large variability in well to well productivity for
water and gas. Some wells simply will not produce water or gas because of very low
productivity of the target formation.

Monitoring Rationale
As stated, numerical modelling of the underground formations and associated water have
predicted that only the P coal seam and the Permian interburden are considered to have an
Immediately Affected Area during the exploration phase of the ATP 814P East Block. The P coal
seam generally has greater than 400m of Permian interburden separating and isolated from the
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limited number of water bores that access water from the Quaternary alluvium and Tertiary
basalt aquifers. Modelling indicates no significant impacts to water bores; therefore, the
monitoring rationale shall be:




Confirm all baseline water sampling has been completed as planned in water bores within
the ATP 814P Baseline Assessment Plan.
Conduct reservoir evaluation on the P coal seam from the data obtained from exploration
pilot operations.
Update the conceptual modelling as more geological information becomes available, then,
reassess plans for further monitoring.

Monitoring Network / Wells
As already required under the P&G Act, the P coal seam in each pilot well had been monitored
and analysed. Monslatt 5P, Monslatt 6P and Monslatt 7 had been added to the monitoring
network.
There have been no wells on test since January 2013.
The DEHP monitoring bore RN13040276A is east of ATP 814P, and is sourced from the
Quaternary alluvium. It does not fall under the Immediately Affected Area for the P coal seam or
the Permian interburden. The numerical modelling predicts no Immediately Affected Area for the
Quaternary alluvium or the Tertiary basalt, therefore, no water bores from these formations will
be included in the monitoring network. As this report shows, the P coal seam is separated from
the surface aquifers by the thick low permeability Permian interburden formation.

Program Of Reporting To OGIA
To be consistent with other government reporting and the annual review, Blue Energy will submit
the extended well test report under section 544 of the P&G Act, to the OGIA yearly for the ATP
814P East block pilot testing. This report will include, amount of water withdrawn, downhole
pressure and water and gas quality measurements of the P coal seam.
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PART E: SPRING IMPACT MANAGEMENT STRATEGY
Pursuant to the Water Act, a DEHP spring database review was completed for the ATP 814P
East block and no springs were identified. Following from a review with landholders, one spring
was identified in the ATP 814P East Block. The spring has been named by Blue Energy as
“Paul 1”, as it lies on the Paul property (LotPlan # 6W4015). The spring’s location is
approximately X: 660,500 Y: 7,601,600 GDA 94, Zone 55 (See Figure 25: Paul 1 spring map).
The aquifer connected to this spring is either local Quaternary alluviums or Tertiary basalt. The
predictions from the hydrogeological model, base case and sensitivity cases indicate that the
water levels of these aquifers do not drop below the 0.2m spring trigger threshold in the area of
Paul 1. Therefore, at this time, a spring monitoring strategy is not required.

Figure 25: Paul 1 spring map
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SUBMISSIONS SUMMARY
The Blue Energy Underground Water Impact Report for ATP 814P was out for consultation from
the 21st of December 2015 to the 21st of February 2016. A notice of consultation was circulated
in the Daily Mercury in the January 2012 edition. A notice was posted on the Blue Energy
website from the 21st of December 2015 to the 21st of February, 2016..
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APPENDIX 1: WATER ANALYSIS
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