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Figure 56. Box & whisker representation of water quality data for samples drawn from Walloon Coal Measures production pilot wells at Horse Creek, Duke / Ironbark, Kainama, Lucky Gully, Muggleton & Ramyard
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Spring Gully
Commercial production at Spring Gully commenced in June 2005. Production by Santos, from the
adjoining Fairview field to the north, commenced in January 1995.

To date, 107 water quality samples have been collected for laboratory analyses from 59 individual
production wells, 28 of which have had more than one laboratory analysis undertaken.

Figure 57 provides a box and whisker plot of available analytical data for water quality samples drawn
from Spring Gully field production wells. All of these Spring Gully field production wells tap the
Bandanna Formation. Key observation of the water quality at Spring Gully:
e minor analytical values for TPH, BTEX or PAH compounds are above respective limits of
detection.

Peat

Very little water is co-produced with the gas at Peat and accordingly limited attention has been paid to
groundwater quality in this field, however, some water quality records are available for Peat 20, Peat
21 and Peat 43 wells.

The available water quality analyses were restricted to:

e Barium (Peat 20, Peat 21 and Peat 43 only with values of 0.25, 0.39 and0.56 mg/L
respectively);

e Fluoride (Peat 21 and Peat 43 only with values of 0.6 and 1.8 respectively);

e Nitrate (Peat 21 and Peat 43 with no detects above relevant detection limits);

e Nitrite (Peat 21 and Peat 43 with no detects above relevant detection limits);

e Sulphide (Peat 20, Peat 21 and Peat 43 with values of 0.11, 0.18 and 0.14 mg/L respectively);

e Strontium (Peat 20, Peat 21 and Peat 43 with values of 0.27, 0.5 and 0.71 mg/L respectively);

e Total petroleum hydrocarbons (Peat 20, Peat 21 and Peat 43 with detects for Peat 20 and Peat
43 of 295 and 2,040 pg/L TPH);

e BTEX and monocyclic aromatic hydrocarbon compounds (Peat 20, Peat 21 and Peat 43 with no
detects above relevant detection limits);

e Phenolic compounds (Peat 20, Peat 21 and Peat 43 with no detects above relevant detection
limits);

e Polycyclic aromatic hydrocarbon compounds (Peat 20, Peat 21 and Peat 43 with no detects
above relevant detection limits); and

e Volatile organic compounds (Peat 20, Peat 21 and Peat 43 with no detects above relevant
detection limits);
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Figure 57. Box & whisker representation of water quality data for samples drawn from Spring Gully field production wells
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5.4.6. Dissolved Methane

Current groundwater characteristics with respect to dissolved methane concentrations are summarised
in Figure 58. The data show the greatest range and highest average concentration is found in the
Springbok Sandstone. This formation sits on top of the Walloons Coal Measures, which is the primary CSG
target in the Surat Basin. A period of erosion after the deposition of the coals resulted in the Springbok
being deposited on a variable eroded surface. Data presented in APLNG, 2014a show a distinct
fractionation in the source of the methane (biogenic/thermogenic) between the Walloon Coal Measures
and the Springbok Sandstone, which have a similar isotopic signature, and the formations overlying the
Westbourne Formation.

Figure 58. Summary Dissolved Methane Concentrations
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6. Springs Monitoring

6.1. Regulatory Framework

APLNG has initiated a program of long term monitoring of springs and groundwater dependent
ecosystems (GDEs) within the Surat Basin cumulative management area (CMA). This is in accordance with
State and Commonwealth requirements to assess potential impacts to groundwater dependent
ecosystems (GDEs) of CSG operations.

The regulatory drivers are summarised below:

e To protect ecosystems associated with springs covered by the Environment Protection and
Biodiversity Conservation Act, 1999 (EPBC Act) from adverse impacts. This is a requirement of
the Proponent’s project approvals under the EPBC Act, which require that CSG activities have
“no adverse impacts” to Matters of National Environmental Significance (MNES). For groundwater
this relates to the community of native species dependent on natural discharge of groundwater
from the Great Artesian Basin.

e To align with spring monitoring and mitigation requirements of the Surat Cumulative
Management Area (Surat CMA) Underground Water Impact Report (UWIR) (OGIA (formerly QWC),
2012). This has identified 33 spring vents amongst ten spring complexes and five watercourse
springs that are considered at a higher risk of being affected by CSG activities using the current
model.

Not all of the OGIA springs are EPBC springs, (the original commonwealth monitoring requirements
covered a much larger area than the state regime), while the state added numerous vents which were
hydrologically significant but did not meet the ‘community of native species’ definition. Monitoring /
baselining activities have already been modified in some instances in response to progressive field
results.

6.2. Investigation and Monitoring Program

The investigation of springs by APLNG as part of the CSG proponent JIP has been progressively
undertaken as follows:

e March 2011 - Queensland Water Commission (QWC - now Office of Groundwater Investigation and
Assessment (OGIA)) completed a Springs Survey and Assessment Concept and Project Plan
prioritising springs on a risk basis with the major inputs being likelihood based on distance from
active tenures and consequence which was strongly influenced by EPBC listed ecological
communities (QWC, March 2011). This methodology was developed collaboratively between state
and federal governments. While the Federal conditions specified that surveys should be
undertaken “...within 100 kilometres of modelled limits of aquifer draw-down, or such other
limits as notified to the proponent...”, there was no common basis for definition of drawdown
limits at the time, and it was agreed that the outer assessment envelope would be 100km from
petroleum lease boundaries. The work included only assessment of previously identified springs
on state and federal databases;

e January and April 2012 - the plan was delivered through an assessment of hydrogeological
attributes (Klohn Crippen Berger, January 2012) and an Ecological and Botanical Survey
(Fensham et al, April 2012).

e July 2012 - In addition to the previous assessments, the Qld Water Commission’s Underground
Water Impact Assessment (QWC, July 2012) includes:

0 a Springs Impact Management Strategy; and,
0 a desktop assessment of the source aquifer of springs (Klohn Crippen Berger, May 2012);
and,
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0 an assessment of the risks and potential consequences for springs in an area 10km
beyond a modelled drawdown of 0.2m utilising cumulative groundwater impact
modelling results (QWC, May 2012).

o September 2012 - Due to common Federal conditions for all approved projects and the largely
off-tenure nature of springs surveys, Santos (on behalf of the proponents) prepared an EPBC
Spring Monitoring Proposal to SEWPaC (Santos, Sept 2012) and phased investigation (Halcrow,
Sept 2012).

¢ November 2012 - Meeting convened between proponents, Geosciences Australia (GA) and
DSEWPaC under the auspices of the Independent Expert Scientific Committee to review
proponents’ proposed monitoring proposal in light of GA review (GA, 2012a) and gap analysis
(GA, 2012b).

e December 2012 - Santos, on behalf of the proponents, revise the original springs monitoring
proposal, renamed the Joint Industry Plan for an Early Warning System for the Monitoring and
Protection of EPBC Springs (Santos, December 2012) to address issues raised by GA.

o December 2012 - Halcrow complete a remote sensing based screening (Phase 1) to identify any
potential new springs to satisfy federal conditions (Halcrow, Dec 2012) and the Phase 2
helicopter verification of Phase 1 potential spring locations. The work was undertaken by Santos
on behalf of all proponents. The survey area is expanded to a 110km from the Underground
Water Impact Report modelled P95 1m drawdown contour due to ongoing issues defining
“...limits of aquifer draw-down...”. Comparison of Geosciences Australia’s suggestion for the
boundary to be based in the north on the extent of potential source aquifers and in the south on
the limit of the Surat Cumulative Management Area indicates that with the exception of the
Mulgildie Basin (which is not hydrogeologically connected to the Surat Basin), the Halcrow
approach exceeded the GA approach (GA, Nov 2012a) in all but minor areas southwest of St
George and Warwick and south of Blackwater.

e February 2013 - Santos, on behalf of the proponents, document the proposed groundwater
monitoring bore network for EPBC springs including proponent responsibilities for installation of
bores (Santos, Feb 2013).

e February 2013 - APLNG submit to OGIA the Desktop Assessment of Relocation, Surrender,
Substitution Options to Prevent or Mitigate Spring Impacts (APLNG, Feb 2013) in accordance with
the conditions of approval of the UWIR. The report considers options and a preferred mitigation
approach for Scott’s Creek and Barton springs.

e August 2013 - The Phase 3 Halcrow investigations, comprised ground truthing of Phase 2 follow-
up targets (reported October 2013).

e August 2013 - Final APLNG Evaluation of Prevention or Mitigation Options Report (EPMOR).

e September 2013 - Joint Industry Plan for an Early Warning System for the Monitoring and
Protection of EPBC Springs and Joint Industry Early Warning System for Springs Quality plan
submitted.

e October 2013 - First quarterly springs baselining survey (Federal Condition 71 bii).

e February 2014 - Second quarterly springs baselining survey.

e June 2014 - Third quarterly springs baselining survey.

e June 2014 - First walkover survey of state W39 Dawson River potential baseflow reach.

Three rounds of a program of quarterly monitoring have been completed to date (see above), as part of
the development of a baseline data set required under federal conditions but extended to state required
springs. Once a full year of quarterly monitoring is complete the data and springs conceptual models will
be reviewed, and an ongoing monitoring regime will be developed for state and federal approval.
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Most springs have been attributed to a source aquifer with a relatively high degree of certainty in
supporting studies to the Underground Water Impact Report APLNG is responsible for two vent complexes
(Scott’s Creek Springs are attributed to the Hutton Sandstone, and Barton Springs are attributed to the
Gubberamunda Sandstone - see Table 13) and one potential baseflow watercourse designated W39..
Figure 59 shows the location of the springs complexes.

Local conditions are known to have a significant influence on springs flow. For example the
Gubberamunda Sandstone at Barton Springs is not artesian, meaning flow is most likely to be local and
controlled by adjacent elevated topography not accounted for in the Underground Water Impact Report
regional cumulative model. Supplementary investigations are therefore planned to refine local springs
source/flow mechanism models and are detailed in APLNG’s Desktop Assessment of Relocation,
Surrender, Substitution Options to Prevent or Mitigate Spring Impacts (August, 2013).

Doc Ref: Q-LNG01-75-RP-0001 Revision: A Page 107 of 330
Water Solutions Development, Australia Pacific LNG Upstream Project
Uncontrolled when printed unless issued and stamped Controlled Copy.



2013-2014 Groundwater Assessment Report REPORT

Table 13. Spring Complex Attribution

Spring Complex IR = ST R IR = S i) MNES Responsible
pring p Location of Spring Spring for Spring for p
Name S S Present Proponent
monitoring mitigation
Scott’s Creek  On APLNG tenement v v v Origin
Yebna 2 On Santos tenement v v v Santos
Lucky Last On Santos v v v Santos
tenement
Elgin 2 Off-tenure x x 4 Santos
Abyss On Santos tenement v x v Santos
Barton On APLNG tenement v v x Origin
Spring Rock Creek On Santos tenement v v x Santos
Abyss On and off Santos v « < Santos
tenements
Yebna 2 On Santos tenement v v x Santos
Ponies On Santos tenement v x x Santos
Wambo On QGC tenement v x x QGC
Carnarvon Gorge Off-tenure x x v ND
Cockatoo Creek Off-tenure v x v ND
Dawson River 2 Off-tenure x x v ND
Boggomoss Off-tenure x x v ND
Dawson River 6 Off-tenure x x 4 ND
Prices Off-tenure x x v ND
Dawson River 8 Off-tenure v x v ND
On Origin ..
v
W39 tenement * x Origin
W40 On Santos v x x Santos
tenement
w80 On Santos v x x Santos
tenement
ws1l On Santos v x x Santos
tenement
W82 On Santos v x x Santos
tenement

ND = not defined. Spring responsibility will be allocated to the tenure holder if future iterations of the Surat
CMA CIM indicate potential drawdown at a spring complex in the source aquifer or if an investigation trigger
for of the spring complex is exceeded, whichever is the earliest. EWS monitoring bore responsibilities are
assigned.
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Figure 59. Springs Monitoring Location Map (source: GLNG 2013 report ‘Joint Industry Plan for Early Warning System for
EPBC Springs’)
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6.3. Piezometry

The Hutton Sandstone, which is interpreted to be the source aquifer for Scott’s Creek Springs, is artesian
in the vicinity of the springs.

As previously discussed, the source aquifer for Barton Springs (the Gubberamunda Sandstone) is sub-
artesian at this site.

W39 potential baseflow reach was identified through a comparison of stream bed levels and regional
potentiometry. While there are currently no bores in the immediate vicinity on which to base a more
detailed local assessment, a field survey undertaken in June 2014 indicates that the reach was not
receiving significant baseflow during the low-flow season, and that it is unlikely that the previously
postulated source aquifer (the Hutton Sandstone) is contributing to flow in this portion of the river.

Ongoing assessments and monitoring of potentiometry in the vicinity of the springs are detailed as
outlined subsequently.

6.4. Water Quality

Collection and analysis of water from identified and assigned spring complexes has been initiated since
the last annual monitoring report. Water quality data from the first round is presented here. The scope
of works includes measurement of electrical conductivity in the field (converted to total dissolved solids)
and a standard suite of laboratory analyses. QA procedures are followed as described for groundwater
monitoring in Section 5.2.

Figure 60 provides a Piper / tri-linear plot of water samples collected from the Scott’s Creek springs and
the main Barton Group spring. The overall ionic compositions of these samples are distinctly different.
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Figure 60. Major lon Ratios of Barton and Scott's Creek Springs
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Figure 61 provides a Piper plot of the water sample collected from the Scott’s Creek spring plotted with
values for a series of water samples collected from Hutton Sandstone bores. The sample from the
Scott’s Creek group spring is a strongly sodium bicarbonate dominant water and in terms of overall ionic
composition this sample is consistent with the composition of other Hutton Sandstone bore waters,
although it is noted that the overall ionic composition of the other Hutton Sandstone waters is quite

variable.
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Figure 61. Piper plot of Scott’s Creek spring sample plotted with values for from Hutton Sandstone bores.
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Figure 62 provides a Piper / tri-linear plot of the water sample collected from the main Barton Group
spring plotted with values for a series of water samples collected from Gubberamunda Sandstone bores.
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Figure 62. Piper / tri-linear plot of main Barton Group spring sample plotted with values for from
Gubberamunda Sandstone bores

® Gubberamunda

Earton [283)

100 80 50 40
Calciurr (Ca) Chioride{Cl) + F uoride(F})

The sample from the main Barton group spring is a sodium bicarbonate dominant water. However, in
comparison with other samples drawn from Gubberamunda Sandstone bores, the major ion chemistry of
the Barton Group spring is far less sodium dominant. In general the chemistry of Gubberamunda
Sandstone groundwater reflects cation exchange processes to produce sodium dominant waters in areas
down dip from recharge zones. The reason for the less sodium dominant chemistry of the Barton Group
spring sample is not immediately apparent. It may reflect mixing with surface flow of Barton Creek prior
to the sampling event. Alternatively it might also reflect a relatively short flow path from local
recharge through outcrops of Gubberamunda Sandstone to local discharge in the bed of Barton Creek,
possibly involving some preferential structural pathway.

TDS concentration statistics for each Origin-responsible spring complex is presented in Table 14 and
Figure 63; note that Barton spring complex only has two sample points. This is due to the single vent at
the site.
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Table 14. Total Dissolved Solids Summary Data

Springs Complex TDS Max TDS Min TDS Median Sample Count
Barton (283) 576 474 525 2
Scotts Creek (260) 1110 687 711 6

(all values mg/L)

Figure 63. Chart of TDS Statistics
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6.5. Source Aquifer Analysis

For each of the two springs complexes that APLNG are responsible for the following hydrogeological
conceptual model applies:

e Scott’s Creek -The Scott’s Creek springs are considered to be sourced from the Hutton Sandstone
based primarily on the proximity of this aquifer to the springs, the prevailing artesian conditions
in the Hutton Sandstone in the area and similar water quality characteristics. It is likely that
fracturing / jointing and perhaps minor faulting has provided a pathway through the normally
low permeability of the overlying Birkhead Formation, which is thin at this location.

e Barton - The main recognised aquifer at outcrop in the area of the Barton Spring Complex is the
Gubberamunda Sandstone. This is considered the most likely source aquifer of the Barton Spring
Complex based on piezometric surface data, radiocarbon data and major ion hydrochemistry.

6.6. Impact Assessment

Underground Water Impact Report (QWC, 2012) modelling concludes the following potential impacts to
APLNG responsibility springs:

e Scott’s Creek Springs - maximum impact of 0.2 to 0.5m drawdown in 30 to 35 years;

e Barton Springs - maximum impact of 0.2 to 0.5m in 280 to 380 years.

Ongoing refinement of conceptual models, monitoring, assessment and refinement of cumulative
modelling will significantly improve impact predictions in the significant lead time period.
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Initial field survey results indicate that the W39 Dawson River reach does not receive a significant
volume of baseflow. Preliminary advice from the hydrography section of the Department of Natural
Resources and Mines supports this view and additional information is being sourced from the department
to formalise this assessment.

6.7.

Ongoing Assessment, Monitoring and Mitigation

Springs protection is being addressed through an integrated monitoring, assessment and mitigation
approach. The proposed joint industry’s guiding approach to early warning monitoring including
proponent responsibilities for installation of bores is included in the Joint Industry Plan (Santos,
September 2013).

APLNG’s specific approach to early warning monitoring is in alignment with the joint industry approach
and is documented in the Stage 2 CSG Water Monitoring and Management Plan, (APLNG 2014d). APLNG’s
proposed spring vent monitoring is documented in the same plan. APLNG’s mitigation approach is
documented in the Surat Underground Water Impact Report Springs: Evaluation of Prevention or
Mitigation Options Report (EPMOR) (APLNG, August 2013a) and the Groundwater Mitigation Plan (APLNG,

2014e).

Monitoring proposed for the springs and agreed in principle with the respective landowners is
summarised in Table 15.

Activity

Baseline
surveys

Continuing
monitoring

In-Spring
Pressure

In-stream
water level

Water Flow

Table 15. Proposed springs monitoring

Barton Group spring complex

Will be conducted by a
contractor and will include
photographs of Barton Springs
(site 702 and 703), water
quality sampling, wetted area
extent, measurement of
outflow, and survey of flora
and fauna.

Maintenance and downloading
of loggers, and, where
appropriate, collection of
water samples and validation
of information collected by the
equipment and at the sites
Barton Spring (site 702), and
Hand Dug Well (RN14360).

NA

NA

A temporary survey mark will
be installed at sites 702 and

Doc Ref: Q-LNG01-75-RP-0001 Revision: A
Water Solutions Development, Australia Pacific LNG Upstream Project

Scott’s Creek spring complex

Will be conducted by a
contractor and will include
photographs of every spring,
water quality sampling,
wetted area extent,
measurement of outflow, and
survey of flora and fauna.

Maintenance and downloading
of loggers, collection of water
samples, and validation of
information collected by the
equipment at the sites
outlined below (ie. not all
vents).

Trial of small spear-point to be
installed in vents 189 (main
vent upstream) and 191 (main
vent downstream), with water
pressure logger installed if
possible. Continued monitoring
if successful, removal if
unsuccessful.

Water level logger to be
installed at spring-fed selected
rockhole to be agreed with
landowner.

Temporary survey marks will
be installed at sites 189 and

Uncontrolled when printed unless issued and stamped Controlled Copy.

Frequency

Every 3 months for 1 year

To the extent possible, the
monitoring sites will be
equipped with loggers and
telemetry to reduce the need
for site visits. However,
government conditions require
ongoing site visits at least
every 6 months.

To be installed at a time
agreed with landowner and
monitored over life of project.

To be installed at a time
agreed with landowner and
monitored over life of project.

To be installed at a time
agreed with landowner and
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Activity

Water Quality

Wetted Area
and general
condition

Bore

Groundwater
Levels

Climate

Barton Group spring complex

Hand Dug Well (RN14360) and
surveyed with a differential
GPS. The invert level of the
creek rockhole and the spring
tails (if flowing) will
subsequently be measured by
survey staff using an automatic
level.

Samples to be manually
collected during field visits for
laboratory analysis. This will
be undertaken at Barton Spring
if significant flow is present.

Installation of CCTV cameras
at Barton Spring to photograph
spring daily.

Automatic water level logger
to be installed in Hand Dug
Well (RN14360). Sensor will be
telemetered if possible, with
online access provided to LO,
or data emailed to landowner
every 6 months.

An electronic rainfall,
temperature, barometric and
humidity station will be
installed close to Hand Dug
Well (RN14360).
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Scott’s Creek spring complex

191 and adjacent to an in-
stream station and surveyed
with a differential GPS. The
invert level and flow level of
the creek rockhole and the
spring tails (if flowing) will
subsequently be measured by
survey staff with an automatic
level.

Samples to be manually
collected during field visits for
laboratory analysis. This will
be undertaken at vents 189,
191, 192A (new boggomoss)
and in-stream. Possible trial of
salinity logger to be installed
in spear-point if possible.
Continued monitoring if
successful, removal if
unsuccessful.

Installation of 3 CCTV cameras
at vents 189, 191 and 192A to
photograph spring daily.

House Bore (RN14881) and
Coolabunia Bore (RN14203) -
Pressure gauges and automatic
pressure loggers to be fitted.
Sensors will be telemetered.

Long Gully Bore (RN14200) -
Automatic pressure logger and
backup airline to be fitted.
Sensors will be telemetered.

Rhodes Grass Bore (RN31097)
- Pressure gauges and
automatic pressure loggers to
be fitted to this bore as a
priority. A new 2” valve will
need to be added to the
headworks to accommodate
this. Sensors will be
telemetered.

Other bores - A stock of
airlines will be supplied to be
fitted if and when pumps are
removed from bores.

An automatic rainfall,
temperature, barometric
pressure and humidity station
will be installed.
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Frequency

monitored over life of project.

Every 6 months following
baseline surveys.

To be installed at a time
agreed with landowner and
monitored over life of project.

To be installed at a time
agreed with landowner and
monitored over life of project.

To be installed at a time
agreed with landowner and
monitored over life of project.
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Assessments to be based on the monitoring and additional investigations are detailed in the EPMOR
(APLNG, Aug 2013a) including:

e Landform analysis, for example, within surface flow path, isolated mound spring, clear lineament
of springs with subtle changes in topography;

e Assessment of surface features, soil type (susceptibility to erosion, organic matter content,
texture, likely depth of weathered zone (often observed in road cuttings), type of weathering,
clay reactivity and mineralisation associated with discharging water;

e Analysis of springs evolution - evidence of paleo discharge zones, or spring areas expansion and
shrinkage. Conversation with Landholders around their knowledge of the springs and how they
have responded to changes in climate and land use over time; and,

o Geochemical and isotopic assessment to provide additional criteria that may refine the scope of
future monitoring and provide definitive or proportional volumes contributed by identified water
sources that may act as early-warning indicators for spring health.

Mitigation options for both springs are also documented in the EPMOR and constitute cessation of
pumping from landowner’s bores in the source aquifer in proximity to the springs and provision of
replacement bores into deeper aquifers (substitution). This approach has been agreed in principle with
both landowners and is the subject of formal agreements which are well advanced.
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7. Ground Surface Movement and Subsurface Deformation

To manage the risk of potential surface deformation from subsurface compaction APLNG has
developed a monitoring program that is undertaken at both local and regional scales.

The local scale programs are focussed on the existing operational gas field at Talinga, and at Reedy
Creek. Reedy Creek is the starting-point for the development of the gas fields in the western
portion of Australia Pacific LNG’s Walloon Coal Measure tenements. Development in the eastern
portion of the fields will extend out from Talinga. The purpose of the local scale monitoring is to
attempt to understand the mechanisms for deformation (should it occur), and improve the
understanding of potential risk such that monitoring can be adapted as the project progresses
should it be considered necessary.

Regional scale monitoring extends across the full spatial extent of APLNG/Origin CSG tenements,
and is undertaken in partnership with the other CSG tenure holders across their leases to provide a
comprehensive and seamless coverage.

7.1. Geodetic monitoring

Geodetic monitoring is programmed to be undertaken every second year (APLNG, 2014b).
Monitoring is undertaken at 48 permanent survey marks (PSM’s) across the project area. The initial
survey was undertaken in September 2012, and the next survey is planned for September 2014.

7.2. INSAR

Following the baseline interferometric synthetic aperture radar (InSAR) survey for the period 2005
to 2011, and reported in APLNG (2014a), Altamira Information was commissioned for ongoing
surface deformation across the APLNG and Origin tenements.

This second phase of data acquisition commenced in July 2012 using Radarsat-2 satellite imagery,
and has been processed for the period through to July 2013.

The data was acquired from 78 images across five frames, resulting in the generation of more than
1.3 million measurement points at an average density of about 145 points per square kilometre. The
majority of these points show stability (magnitude of ground motion below 8 mm) and do not show
any large scale deformation patterns. However, many small patches of uplift and subsidence were
found heterogeneously distributed throughout the site.

Figure 64 shows a down-sampled data set, where the 35x35m processing resolution was reduced to a
500mx500m that aligns with the UWIR model grid (QWC, 2012) through an adaptive re-gridding
technique. The technique required a minimum of 20 measured points within each 500m grid cell for
calculations to be performed. Where this criterion was satisfied, the cell was classified as stable,
uplifting or subsiding based on whether 50% or more of the points fell into the category. The
average of those points corresponding to the category was then calculated to determine the mean
deformation for the down sampled cell since. Since this analysis was performed on one year of data,
mean annual velocity equated to the magnitude of deformation.

This analysis found three disparate cells where subsidence was calculated in the down-sampled grid.
Areas of uplift were observed in the northern parts of Spring Gully. No patterns of subsidence can
be observed in areas of existing CSG development. While there is a relatively large area where
there was insufficient data to perform the analysis, these areas do preclude an assessment of
regional scale subsidence as they are not within current development areas.
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7.3. Tiltmeters

Tiltmeters are used to measure oblique ground movement and are designed to accurately measure
inclination at the millimetre scale. Ten biaxial tiltmeters have been installed at each of Reedy Creek
(PL413) and Talinga (PL226). Installation information for each of the tiltmeters is available in the
Groundwater Monitoring Plan (APLNG, 2014b). The Talinga tiltmeters are within the producing gas field.
The Reedy Creek tiltmeters are in and around a gas production pilot. While the production pilot ceased
in 2011, one of the wells, Reedy Creek 5, was recommissioned in August 2012 to provide a gas supply to
power the Reedy Creek injection trial treatment plant. Extraction continued until the completion of the
injection trial in early August 2013. The water extraction rate from the well was less than 0.5ML/day.

Approximately twenty months of data has currently been collected at Reedy Creek and almost two years
of data at Talinga. An hourly logging frequency has been used over the duration of the monitoring
period, however, this frequency may be reduced to a minimum frequency of daily in future. To allow for
sensor stabilisation, an average of the first seven days data was used to establish a baseline value.

To assess possible trends the data has been graphed using time series graphs with both axes plotted, and
also as biaxial plots with the N - S plane plotted on the Y axis, and the E-W plane plotted on the X axis.
By using a biaxial plot the data can be presented in a similar manner to a polar plot, except with a linear
scale. This allows slight shifts in the inclination of the sensor from the vertical to be discernible.
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Figure 65 and Figure 66 are the biaxial plots, representing movement along north (A+) - south (A-) and
east (B+) - west (B-) planes. Both axes have a 0.5 degree scale of movement, 0.25 degree positive and
0.25 degree negative. The data frequency has been reduced from hourly to daily (24 hour). Talinga-TM9
is not included because it is not orientated along the same plane as the 9 other tiltmeters at Talinga.
Reedy Creek-TMY7 failed soon after installation and therefore is not included in either of the Reedy Creek
graphs below.

Results show little overall movement from the baseline value over the monitoring period to date, with
no tiltmeter exceeding a 0.25 degree movement from the vertical. Generally, movement has been
contained within 0.075 of a degree with only two tiltmeters (Talinga-TM7 and Reedy Creek-TM5) shifting
beyond 0.1 of a degree. In both cases the change appears to be event based before again settling into
consistent pattern. This suggests earth moving activities may have been close enough to move the
ground around the tiltmeter post.

The grouping of plotted data is reasonably consistent across the two sites. A number of tiltmeters from
both sites show a slight shift towards the northeast as well as a marginal northeast-southwest trend.

Individual tiltmeter time series graphs are provided in Appendix F. The offset scale has been set at 0.1
degree for positive and negative for all tiltmeters with the exception of Reedy Creek-TM5 and Talinga-
TM7, for which the positive offset has been extended to 0.2 and 0.15 degrees respectively. This has been
necessary to accommodate the shift detailed above. The time series data for both sites show no
discernible pattern over and above the marginal northeast-southwest trend described above.
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Figure 65. Tiltmeter monitoring - Talinga
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Figure 66. Tiltmeter monitoring - Reedy Creek
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7.4. Extensometers

Extensometers monitoring the Westbourne Formation were installed at Reedy Creek (PL413) and Talinga
(PL226) between June and August 2012. Five anchors were set across the monitoring zones, with one
each at the top and the bottom, and the intermediate anchors at depths selected following a review of
the lithology encountered during drilling. Detailed installation information for each of the extensometers
is available in the Groundwater Monitoring Plan (APLNG, 2014b).

Approximately twenty months of data has currently been collected at Reedy Creek and almost 2 years of
data at Talinga. An hourly logging frequency has been used over the duration of the monitoring period,
however, this frequency may be reduced to a minimum daily frequency in the future.

The sensors record the position of each anchor as a value in millimetres, theoretically between 0 and
1000. The reported values are measured against the baseline or “zero” position established by averaging
the first 7 days of data. The collated data for each extensometer has been plotted in two time series
graphs: one which includes data from all five sensors (Figure 67 and Figure 69) and a second which
includes an average of all anchors and the difference in movement between the top and bottom anchors
(Figure 68 and Figure 70). Any difference in the amount of movement between the top and bottom
anchors will represent compression or extension across the formation. Also plotted on the this graph are
groundwater level elevations measured in an adjacent monitoring bore targeting the same aquifer,
positioned approximately 15 metres from the extensometer at both sites. All extensometer data has
been clipped to daily (from hourly) to reduce noise but to retain external diurnal influences, such as
barometric pressure or earth tides

7.4.1. Talinga

No definitive trends are evident from the Talinga graphs. For Talinga in particular the data is noisy, but
clearly evident is a sudden shift in late May 2013 which was recorded across all 5 sensors. The shift
corresponds to a pumping event on the 26 May in the adjacent monitoring bore, Talinga SC2-WB. The
monitoring bore was pumped for approximately 4.5 hours at 0.5 L/min which induced a maximum
drawdown of just over 8 metres.

As a result of this pumping, approximately 0.3 mm of compression (relative to the extensometer
instrument head) was recorded, consistent across all sensors. This movement was permanent, effectively
shifting the baseline up by 0.3mm. In addition, the pumping resulted in a sustained drop in water level
of approximately 0.3 metres in the pumping bore (Talinga SC2-WB) once the formation pressure had
recovered back to match the pre-pumping trend.

This suggests that as a result of pumping there has been an overall reduction in the volume of water in
storage for the formation in the immediate hydraulic impact zone. However, given that the change was
consistent across all sensors with no change in the distance between the upper and lower anchors, there
appears to have been no intra-formational compression, instead suggesting an upward heave across the
entire sequence. The magnitude of the change (sub-mm) emphasises the limitation in reaching definitive
conclusions from the existing extensometer data set.
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Figure 67. Talinga Extensometer - Measured Change in Position of Individual Sensors

0.8 —
Anchor 1-195m
Anchor 2 - 174m
N Anchor 3 - 148m
Anchor 4 - 122m
Anchor 5 - 96m

0.4 —

llws‘,‘fﬂ‘u'... j %W"I’n"" «'ﬁ”ﬁ' i ?"

| i wn M ma W‘M\' 1"% i Bk

04 ‘1 "1 ‘|*I |\ '~|| ‘(h‘w' i

|' ' Wl‘ W

‘JLJ IM|~| ’ U .H",H' \‘

Movement (mm): +ve Extension / -ve Compression
o

08 — ' ! | ' | | ' | ' | ' |
10-Jul-12 18-Oct-12 26-Jan-13 6-May-13 14-Aug-13 22-Nov-13 2-Mar-14 10-Jun-14
Figure 68. Talinga Extensometer - Calculated Intra-formational Change vs Groundwater Levels
04 —
300 —
B I
£ I\I\ LU A0t L LR [ | |
c T | It Il il -.
Q
W Ivm‘ H Il HI | W !IHHWI' Al T TN
8 | | o
) I
£ 0 | Wl le ' =
S E
© 296 — d
- =
c O
k=] Jo
7 E =
o &y
& 294 —| 8'
+ g
€ 04 —| 1%
g ‘ s
g 292 —
§ Movement Difference Anchors 1 & 5
. Average movement n
Talinga SC2-WB (mAHD)
290 —
| : [ : \ ! [ | ! [ : \ ! \
10-Jul-12 18-Oct-12 26-Jan-13 6-May-13 14-Aug-13 22-Nov-13 2-Mar-14 10-Jun-14
Doc Ref: Q-LNG01-75-RP-0001 Revision: A Page 125 of 330

Water Solutions Development, Australia Pacific LNG Upstream Project
Uncontrolled when printed unless issued and stamped Controlled Copy.



2013-2014 Groundwater Assessment Report REPORT

7.4.2. Reedy Creek

The Westbourne Formation at Reedy Creek is artesian (approximately 15 metres above ground level). To
install the extensometer the bore had to be left to flow for approximately 30 hours. During this time,
the pressure head in the aquitard, measured at a monitoring bore (Reedy Creek SC1-WB) approximately
15 metres away, had reduced by more than 3 metres. A component of the early variability at Reedy
Creek is likely to be in response to the gradual recovery of pressure in the formation after the bore was
shut in following the installation of the extensometer. Due to the low permeability of the formation
(average hydraulic conductivity ~10 m/day), the recovery period was in excess of 3 months.

On a number of occasions through the monitoring record the bore was opened and allowed to flow for
brief periods. These events are observed in the groundwater level record from Reedy Creek SC1-WB as
straight vertical lines followed by brief periods of recovery. In some instances the vertical drawdown
data has been clipped to keep the Y axis scale manageable, but the subsequent short recovery period is
still easily observed. Unlike Talinga, these brief discharge periods were not extensive and only minimal
volumes of water would have been discharged. Generally this is reflected in the extensometer data with
no changes observed following such events.

One notable change is the position of the deepest anchor, Anchor 1 at 308 metres, in mid-2013. The
change was approximately 0.1-0.2 mm of apparent compression, indicating a potential change within the
formation between the bottom two anchors (295-308 metres below ground level). The change is not
picked up by any of the other sensors and doesn’t appear to correlate to a pressure change such as
described above. This suggests the movement is likely to relate to a change within the surface of the
bore hole, affecting the area immediately around the bottom anchor. Core taken from the Westbourne
formation, together with bore hole integrity issues for bores left open across the formation, suggest that
a swelling or flaking type degradation could be to cause of the movement. Again the magnitude of the
movement is too small to imply the cause is a more significant event.

Figure 69. Reedy Creek Extensometer - Measured Change in Position of Individual Sensors
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Figure 70. Reedy Creek Extensometer - Calculated Intra-formational Change vs Groundwater Levels
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8. Key Findings and Refinements in Hydrogeological Understanding

8.1. Hydrostratigraphy

Through investigations undertaken across the groundwater monitoring, aquifer injection, reservoir
characterisation and associated programs undertaken by APLNG/Origin, the observations discussed below
have been made regarding the hydrostratigraphy of the Surat Basin.

The Precipice Sandstone and Gubberamunda Sandstone are the only two formations that can consistently
be classified as aquifers at the formation level. Within both formations the lower portions (corresponding
to braided river depositional environments (Exon, 1976)) provide the majority permeability, representing
less than about 10% of the overall Surat Basin thickness. The upper portions of the formations behave
more as aquitards as evidenced by:

e Geochemical laboratory testing of crushed upper Precipice Sandstone core from Reedy Creek
mixed with deionised water resulted in pH>9, compared with a field pH from a pumping test of
pH= 7.5. A similar exercise with lower Precipice Sandstone (braided stream facies) returned a pH
similar to that of the field pH. The upper Precipice Sandstone was strongly cemented with
calcite which would result in the high pH and would also reduce the permeability;

e DST testing from Bennett 4 infers depletion of approximately 125 psig within the upper Precipice
Sandstone between 1965 and 1970 with no detectable depletion in the lower Precipice Sandstone
over the same time frame.

e Laboratory core permeability analysis from Talinga reported horizontal hydraulic conductivities
of 5.2x10° m/day to 1.7x102m/day (n=5) and 1.5x102 m/day from a slug test for the upper
Gubberamunda Sandstone. This is compared with the lower Gubberamunda Sandstone at the
same location which resolved a hydraulic conductivity of 1.3 m/day from a pumping test;

e Comparison of hydraulic heads in monitoring bores show a difference of 6.9 m across the 28.3m
between the tops of the screened intervals; and

e Test pumping at Talinga where one monitoring bore was open across the full Gubberamunda
Sandstone, and another open across only the lower 20m resolving very similar transmissivities.
Both monitoring bores were within 50m of the pumping bore. Similar results were observed at
Reedy Creek between the pumping bore screened only across the lower portion of the formation
and the monitoring bore screened across the full formation.

The Springbok Sandstone shows characteristics more akin to an aquitard than an aquifer in most
areas across the Walloons tenements. Figure 5 illustrates the significantly lower permeability of the
formation compared to that modelled in the Surat Cumulative Management Area groundwater model.
The exception is in the Gilbert Gully, Waar Waar and Zig Zag tenements where the formation
appears to have lower clay content. Evidence for widespread low permeability of the Springbok
Sandstone is as follows:

e Laboratory core permeability analyses and DST permeability testing reported permeabilities of
5x10® m/day to 1.5 m/day (n=120, median 6.0x10" m/day) across all tenements. The southeast
tenements show a median of 0.1 m/day (n=41) as compared with the rest of the tenements of
0.002 m/day (n=79). While limited data is available (n=24), mineralogical analysis of core
samples reveals up to 15% smectite (swelling) clays, and up to 28% total clay content;

e The intention was to test pump all of the APLNG groundwater monitoring bores to obtain
hydraulic parameters for the target formations. It has not been possible to airlift develop the
majority of Springbok Sandstone monitoring bores. Test pumping has only been feasible on one
occasion, where a significant fracture was observed in core from the bore (Talinga- MB2-S);

e Post-drilling water levels and drawdown from water sample collection can take several months
to recover (see Section 4.2);
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Hydraulic pressures in the Springbok Sandstone tend to be high relative to the overlying
Gubberamunda Sandstone. Neuzil (1995) describes the development of abnormal pressures in low
permeability formations.

The Hutton Sandstone has frequently been conceptualised as a massive sandstone unit and has been
represented as a single layer in most numerical flow models of the Surat Basin to date. APLNG
investigations have shown a much higher degree of heterogeneity in this unit than any other
formation, and overall a much lower transmissivity than expected. Evidence for the re-
conceptualisation of the Hutton Sandstone away from a single aquifer unit includes:

8.2.

The Hutton Sandstone in the Surat Basin was deposited in a meandering river setting (e.g. Exon,
1976), which is readily observed in the sub-surface where it is characterised by coarser
sandstone channel deposits in fine-grained sandstone, siltstone and/or shale interburden of the
overbank deposits. It is dissimilar to the Hutton Sandstone encountered further to the west in
the Eromanga Basin, upon which the massive sandstone conceptualisation is likely to have been
based;

Mineralogical analysis (x-ray diffraction, n=40) undertaken for the APLNG injection trial program
(APLNG, 2012; APLNG, 2013b; and APLNG, 2014c) support previous mineralogical studies
(Hodgkinson et al., 2009), that the Hutton Sandstone quartz dominated with kaolinite,
illite/smectite and feldspar. APLNG data indicate quartz making up around 60% on average
(range of 21-94%) of the mineralogy, however sampling was skewed to the more permeable parts
of the formation. Calcium carbonate cementation commonly occurs in the Hutton Sandstone,
which will reduce formation permeability. Several sources (Ayers, 2013; Exon, 1976; and Cotton
et al., 2006) indicate a change in provenance of the source sediments during the deposition of
the Hutton Sandstone, transitioning from cratonic to volcanic-arc derived in later times. While
this has not been explicitly studied by APLNG, it does suggest that the upper part of the
formation may be more clay-rich and of lower primary vertical permeability;

Using a gamma ray cut-off of 60 API, the net sand of the Hutton Sandstone has varied between
8% and 27% in approximately 16 bores for which it has been calculated. The hydraulic
conductivities for the gross formation thickness range from 0.003 m/day to 0.1 m/day whereas
the hydraulic conductivities based on net sand thickness range from 0.02 m/day to 0.1 m/day for
the same bores, showing that the sand is contributing the majority of the permeability. There
does not appear to be a correlation between sand content and transmissivity suggesting that the
intercepted sands are not of uniform permeability and bores with the highest net sand values do
not always exhibit the highest transmissivity. Fractures may contribute to transmissivity,
however image log analysis has not revealed significant fracturing. DST and core permeability
testing results ranged from 5.6x10-6 m/day to 2.6 m/day (n=53, median 0.4 m/day), highlighting
the variability of the formation permeability at a smaller scale than pumping tests;

While long term testing (>1 year) at Reedy Creek shows that it is possible to propagate
drawdown in a horizontal direction, the extremely heterogeneous nature of the Hutton
Sandstone and the limited likelihood of sand-body connectivity with such low net sand content,
will limit the ability of the formation to propagate pressure vertically away from the Walloon
Coal Measures. Because of the clayey nature and small degree of sandbody connectivity, faulting
through the Hutton Sandstone is unlikely to present a significant conduit to enhanced vertical
flow.

Recharge, Lateral Flow and Discharge

Potentiometric surfaces have been presented in Section 4.4 for the Gubberamunda Sandstone, Springbok
Sandstone, Walloon Coal Measures, Hutton Sandstone and Precipice Sandstone. The key findings from the
preparation of these maps are:
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e Inferred flow within the Gubberamunda Sandstone is predominantly to southwest and is in
generally in accordance with accepted flow directions;

e The Springbok Sandstone potentiometric surface is characterised by bulleyes that have been
quality assured to be correct. The inference is that there is poor lateral hydraulic connectivity
within this formation. There appears to be a northerly component to the inferred ground flow
direction to the north of the Great Dividing Range. There are no published potentiometric
surfaces for comparison;

e The Walloon Coal Measures is characterised by an inferred northerly flow direction into the axis
of the Mimosa Syncline, with discharge to the Dawson River in the vicinity of Taroom. There may
be some discharge to the Condamine River. Recharge occurs to west of Injune and in elevated
areas around Dalby and Millmerran. There are no published potentiometric surfaces for
comparison. Although data is relatively limited, salinity of the Walloon Coal Measures (Section
5.4) supports the presented potentiometric surface;

e The Hutton Sandstone potentiometric surface in the northern part of the area shows recharge to
the east and west of the Mimosa Syncline with discharge to the Dawson River and tributaries in
the vicinity of Taroom. There appears to be negligible southerly flow potential within the
Mimosa Syncline. Groundwater salinity in Hutton Sandstone bores has been overlaid on the
potentiometric surface (Figure 71) and shows a correlation of salinity coincident with, and
supporting these inferred regional flow directions. The relatively fresh water quality in the
northern part of the Mimosa Syncline indicates a more active flow system in this area generally,
and particularly in the areas immediately adjacent to the Dawson River, Eurombah Creek and
the Robinson Creek. This is supported by the sodium-chloride ratio data presented as Figure 50.
Isotopic sampling from Hutton bores along this inferred flowpath has been undertaken by CSIRO
and when reported over the next year should assist in resolving the hydrodynamics of the Hutton
Sandstone. The active flow area corresponds to the Spring Gully fields, where permeability is
enhanced through fracturing, observed as significant lost circulation issues while drilling, and
quantified in the Spring Gully-MB4-H pumping test which resolved a transmissivity an order of
magnitude greater than observed elsewhere across APLNG tenements (Section 3.1).

The groundwater salinity is significantly higher south of these areas in the vicinity of the Surat
Basin APLNG Walloon tenements and towards the centre of the basin. It is inferred that the flow
system is less dynamic in these areas, with sufficient contact time for geochemical equilibrium
and insufficient time for the flushing of connate water with meteoric recharge due to low flow-
through rates associated with poor lateral connectivity. Salinities in excess of 3,000mg/L to the
north of Wandoan may potentially be related to the Leichardt-Burunga fault and leakage from
the Walloon Coal Measures, however the salinity within the coals measures generally appears to
be fresher than in the Hutton Sandstone in this area. An alternative cause may be stagnation of
the groundwater due to low permeability associated with the fault.

e The salinity on the western side of the Mimosa Syncline shows evidence of basin-ward flow with
increasing downgradient salinity. While not presented, this downgradient increase in salinity is
much more pronounced for the Hutton Sandstone in the Eromanga basing to the west of the
study area. This suggests greater transmissivity and lateral connectivity, and corresponds to the
general understanding of the Hutton Sandstone as a massive sandstone aquifer. Local scale flow
systems appear to be present, most notably within the outcrop area to the east of Taroom.
Kuske et al. (2010) recognise the same broad-scale salinity distribution in the Surat Basin.

e The Precipice Sandstone potentiometric surface and salinity map (Figure 72) shows an active
flow system in the northern part of the Mimosa Syncline as evidenced by low salinity in the
northern part of the basin, compared with high salinities to the south of the groundwater divide.
The high permeability of the Precipice Sandstone allows recharge to occur in the outcrop to
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northwest of APLNG tenure and discharge to the Dawson River in the northeast of the Mimosa
syncline. The meteoric water (rainfall recharge) through this part of the system has flushed the
salt out of the predominantly quartzitic sandstone of the Precipice Sandstone. Conybeare (1970)
and Kuske et al. (2010) recognise similar salinity distributions, but do not discuss the
hydrodynamic implications.

To the south of the groundwater divide, there is no known flow outlet for the water in the
Precipice (with the exception of groundwater bores). Vertical leakage has historically been
postulated to be the discharge mechanism; however the Evergreen Formation, immediately
overlying the Precipice Sandstone, is a conventional reservoir seal for gas accumulations (DME,
1997) and CO, sequestration (Hodgkinson et al., 2010), hence it will have negligible permeability
to water. The high salinities present in the southern part of the Mimosa Syncline support a lack
of throughflow, and salinities are likely to represent connate water quality.

Fresher water quality in proximity to the Dawson River, where the Precipice Sandstone is
inferred to discharge, suggests that there may be local recharge associated with local flow
systems.

Northerly flow to the Dawson River and local flow systems have previously been recognised by the
Queensland gas Company (QGC, 2013) and Hodgkinson et al. (2010).

While regional scale major ion chemistry data has not been mapped herein, it supports the
interpretations made regarding salinity (total dissolved solids) data.

These findings have potentially significant implications for the conceptual recharge and flow mechanisms
in the Surat Basin. The prevailing recharge concept is for basin margin recharge where formations
outcrop, and the current flow concept is generally south and south westerly flow with interconnection to
other basins balancing excess inflows. This is the basis for most groundwater models and requires
reconsideration in future modelling iterations.
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8.3.  Vertical Flow and Aquifer Connectivity

There has been no indication of transmission of pressure across formations as a result of CSG production
to date, or in long term hydraulic testing undertaken as part of project activities including injection
trials. Quartz helium diffusion progress results (which remove the influence of local structural flow)
indicate a good preliminary correlation between laboratory triaxial permeability testing results (which
usually underestimate bulk formation permeability), suggesting that the triaxial tests can be applied to
upscaled (modelling) applications. These results have generally indicated that aquitards are of lower
permeability than those previously modelled. Both lines of evidence support a lack of direct connection
between the CSG reservoirs and the aquifers of the GAB through aquitards, faults or wellbore pathways
in areas of current development.

The magnitude of head differences between formations often exceeds 50 mH,0 indicative of low
intervening permeability. Comparisons of pre- and post-development pressures at Talinga show
differential pressure drawdown within individual coal measures, highlighting the poor vertical
connectivity between the coal seams.

8.4. Regional Water Balance

Current modelling assessments, trigger levels, and mitigation responses are largely based on the
assumption of the aquifers being in steady state and CSG operations being the primary overprinting
stress on the systems. Monitoring to date indicates that prior to the commencement of CSG operations,
many of the aquifers are in a state of decline, particularly the Hutton Sandstone, but also the
Gubberamunda Sandstone in some areas, and to a lesser extent the Precipice Sandstone. This is likely to
result in uncertainties in regulatory reporting of changing groundwater levels, and difficulties in
communicating system changes to the wider public, who often interpret CSG activities as the only source
of declining groundwater levels. Development sequences have varied, sometimes significantly since the
original estimates several years ago, leading to other sources of divergence in modelled versus
monitored groundwater levels.

8.5.  Water Quality Characteristics

Hydrochemical data supports the interpretation of the inferred flow regimes outlined in this report and
developed using APLNG and DNRM water level monitoring data. As previously discussed, lower salinities
are broadly coincident with inferred recharge zones, with increasing salinities down flow paths. This is
further supported by spatial comparisons of SAR values where we observe increased salinity corresponds
with elevated SAR values.

Major ion ratios show a range in groundwater chemical facies between sodium-bicarbonate and sodium-
chloride type, with varying proportions of calcium. Other facies types are not well represented. The
range is observed in most aquifers indicating that groundwater from a specific aquifer does not have a
distinct major-ion signature that extends for the extent of the formation. However, as the monitoring
network extends and more data is collected, analysing and allocating chemical facies types on a site-
specific basis may provide an insight into groundwater characterisation on a more localised scale.

Indications of changes in the groundwater are likely to be seen in concentration data for minor analytes.
Preliminary findings suggest that groundwater in all formations is relatively high in aluminium, barium
and carbon dioxide, and the Hutton Sandstone in particular has variable and, in some regions,
significantly elevated, concentrations of fluoride. Time-series data will be presented once the baseline
has been established. Minor analyte data will prove valuable as more data is collected and a reliable
baseline is established.

8.6.  Springs

Springs studies are still in the baselining phase. Studies to date tend to support the current conceptual
models for spring source aquifers and flow mechanisms. However analysis of recharge-discharge
relationships and flow dynamics will likely require many more years of monitoring through different
climatic conditions to fully characterise. The forward monitoring program has been structured to collect
relevant information to progress these studies, and will be refined following analysis of the first year of
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baselining data. Implementable plans are in place to mitigate any potential CSG or non-CSG related
impacts while studies are ongoing.
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0. Discussion and Conclusions

The availability and reliability of groundwater data in the Surat and southern Bowen Basins has vastly
increased in the past three years with the commencement of the CSG industry.

The APLNG/Origin groundwater monitoring network alone has already resulted in over 45,500m of
drilling, with a similar magnitude to be drilled to complete the network by 2016. The total industry
monitoring network, inclusive of the other proponents (QGC, Santos and Arrow), will comprise more than
500 monitoring points (Hamer et al., 2013), and will exceed the monitoring infrastructure requirements
of both State and Federal regulators.

Drilling for scientific purposes has shown that the Surat Basin geological sequence contains only two
reliable aquifers: the lower Gubberamunda Sandstone and the lower Precipice Sandstone. While the
Hutton Sandstone has traditionally been considered as a single hydrostratigraphic unit, it has been found
that groundwater flow is likely dominated by sandbodies deposited as channels in a meandering river
environment. The presence of fine-grained sandstone, siltstones and shales results in bulk transmissivity
values generally lower than those used in historical numerical flow models. The highly heterogeneous
nature of the formation, with associated low likelihood of sandbody connectivity and high clay content,
especially in the upper parts of the formation, suggests limited potential for vertical connectivity
through the formation. It is therefore likely that the Hutton Sandstone functions as more than one
hydrostratigraphic unit. These findings have significant implications for the potential for CSG drawdown
on springs that are sourced from the Hutton Sandstone, and should be the subject of further study for
the conceptualisation and parameterisation of future groundwater flow models.

APLNG has completed baseline water level and water quality assessments of privately-owned water
bores on its tenure, providing several hundred detailed water quality analyses and water levels. Routine
water quality sampling has commenced in the monitoring bores that have been commissioned, and the
installation of dedicated sampling pumps will ensure repeatability for ongoing trend analysis. Water
quality data for individual monitoring bores indicate temporal consistency (small differences between
minimum and maximum). However, insufficient data has been collected to date to statistically establish
baseline conditions and the range of natural variability. Comparisons of major ions and trace elements
between aquifers show no distinct trends or signatures at nested locations, likely due to differing
hydrodynamic conditions present in different formations at the same locations.

Water level monitoring has been established at over ninety sites across the basin. While high frequency
water level measurements have been collected with automatic pressure sensors and dataloggers, high
rates of equipment failure have resulted in often incomplete records to date. APLNG has sourced more
robust and reliable equipment, and is in the process of installing equipment that will be telemetered.
Water level monitoring has shown regional scale water level declines in the Hutton Sandstone, and sub-
regional declines in the Gubberamunda Sandstone. The declines in the Gubberamunda Sandstone
generally concur with data presented in APLNG 2014a for the Talinga/Condabri areas, where the
declines have been observed, however the rate may have increased recently due to increased landholder
extraction through several drier years. There is no evidence of declining pressures in the Springbok
Sandstone in Talinga and Condabri fields where CSG production commenced prior to 2010, precluding the
impact of CSG production on the Gubberamunda Sandstone. Monitoring has shown that regular sampling
of the Springbok Sandstone may negate the value of water level monitoring due to low permeabilities
and long recovery times.

DNRM issued a tender in May 2013 for up to 7,200 megalitres/year of unallocated water from general
reserves in the Surat, Surat East and Surat North management areas of the GAB, 4,100ML/year of which
was from the Hutton Sandstone. These areas correspond with the CSG gasfields of the Surat and southern
Bowen Basins. Increased water take from the Hutton Sandstone will likely exacerbate the observed
declines and it will be important for ongoing monitoring of CSG effects to understand the locations and
magnitude of use of the additional allocations.

Potentiometric surface and salinity mapping of the Walloon Coal Measures, Hutton Sandstone and
Precipice Sandstone suggests a revised hydrodynamic conceptualisation of the Surat Basin may be
warranted. Inferred groundwater flow appears to be directed from recharge areas northward toward the
Dawson River where it discharges from all three formations. It appears that there is little southerly flow
in these formations within the Mimosa Syncline, and groundwater in these formations south of the Great
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Dividing Range may be essentially stagnant. This is most clearly illustrated in the Precipice Sandstone,
where the salinities north of the watershed are less than 200mg/L and increase to greater than
2,000mg/L to the south. Local flow systems are present in proximity to outcrop, and faults appear to
reduce transmissivities locally.

Satellite monitoring of ground surface deformation using InSAR has shown limited instances of subsidence
at disparate locations across the APLNG/Origin tenements. These locations do not correspond with areas
currently under CSG production, including Spring Gully, where over 235m of drawdown has occurred in
the Bandanna Formation. Local monitoring of surface and sub-surface deformation at Talinga and Reedy
Creek, with tiltmeters and extensometers respectively, show no discernible trends.
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Appendix A: Bore Status and Schedule
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Map Bore Name Bore Bore Formation Drilled - June Instrumented - In:t:'ITl]epd )

Identification Longitude Latitude 2014 June 2014 June 2014
Carinya A Carinya-MB1-G 149.685 -26.635 Gubberamunda 2014 No No
Carinya-MB2-S 149.685 -26.635 Springbok 2014 No No
Carinya B Carinya-MB3-G 150 -26.715 Gubberamunda 2014 No No
Carinya-MB4-S 150 -26.714 Springbok 2014 No No
Combabula A Combabula-MB1-G 149.564 -26.231 Gubberamunda Yes Yes Yes
Combabula-MB2-S 149.564 -26.231 Springbok Yes Yes Yes
Combabula-MB3-W 149.565 -26.231 Walloons Yes Yes NA
Combabula-WB1-P 149.511 -26.245 Precipice Yes Yes NA
Condabri A Condabri-MB1-G 150.171 -26.809 Gubberamunda Yes Yes Yes
Condabri-MB2-S 150.171 -26.809 Springbok Yes Yes Yes
Condabri-MB9-H 150.171 -26.808 Hutton Yes Yes No
Condabri B Condabri 140 150.229 -26.931 Walloons Yes Yes NA
Condabri-MB3-G 150.212 -26.942 Gubberamunda Yes Yes Yes
Condabri-MB4-S 150.212 -26.942 Springbok Yes Yes Yes
Condabri C Condabri-INJ1-H 150.224 -26.786 Hutton Yes Yes No
Condabri-INJ2-P 150.225 -26.787 Precipice Yes Yes No
Condabri-INJ3-G 150.225 -26.787 Gubberamunda Yes Yes No
Condabri-MB12-W 150.218 -26.789 Walloons Yes Yes NA
Condabri D Condabri-INJ4-H 150.226 -26.684 Hutton Yes Yes No
Condabri-INJ5-P 150.226 -26.684 Precipice Yes Yes No
Condabri-MB10-W 150.227 -26.684 Walloons Yes Yes NA
Condabri E Condabri-MB5-G 150.306 -27.037 Gubberamunda 2014 No No
Condabri-MB6-S 150.306 -27.037 Springbok 2014 No No
Dalwogan A Dalwogan-MB3-G 150.104 -26.554 Gubberamunda Yes Yes Yes
Dalwogan-MB4-S 150.104 -26.554 Springbok Yes Yes Yes
Dalwogan-MB5-H 150.104 -26.555 Hutton Yes No No
Dalwogan-MB6-W 150.104 -26.554 Walloons Yes No NA
Dalwogan B Dalwogan 12 150.146 -26.631 Walloons Yes Yes NA
Dalwogan-MB1-G 150.146 -26.629 Gubberamunda Yes Yes Yes
Dalwogan-MB2-S 150.146 -26.63 Springbok Yes Yes Yes
Gilbert Gully A Gilbert Gully-MB1-G 150.896 -27.597 Gubberamunda Yes Yes Yes
Gilbert Gully-MB2-S 150.896 -27.597 Springbok Yes Yes Yes
Gilbert Gully-MB3-W 150.899 -27.598 Walloons Yes Yes NA
Ironbark A Duke 25 150.221 -27.108 Springbok Yes No No
Ironbark-MB10-H 150.211 -27.035 Hutton 2015 No No
Ironbark-MB11-W 150.221 -27.108 Walloons 2015 No NA
Ironbark B Duke 27 150.394 -27.108 Springbok Yes No No
Ironbark-MB1-W 150.394 -27.108 Walloons 2014 No NA
Ironbark-MB2-G 150.394 -27.108 Gubberamunda 2015 No No
Ironbark C Ironbark-MB3-S 150.342 -27.241 Springbok 2014 No No
Ironbark-MB4-W 150.34 -27.241 Walloons 2014 No NA
Ironbark-MB5-H 150.341 -27.241 Hutton 2014 No No
Ironbark D Ironbark-MB7-W 150.457 -27.245 Walloons 2015 No NA
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Map Bore Name Bore Bore Formation Drilled - June Instrumented - In:t:'ITllepd )

Identification Longitude Latitude 2014 June 2014 June 2014
Ironbark-MB8-S 150.458 -27.245 Springbok 2015 No No
Ironbark-MB9-G 150.458 -27.245 Gubberamunda 2015 No No
Kainama A Kainama-MB1-W 150.78 -27.04 Walloons Yes No NA
Kainama-MB2-S 150.781 -27.04 Springbok Yes Yes Yes
Kinnoul A Kinnoul-MB1-P 149.588 -25.664 Precipice 2016 No No
Kinnoul-MB2-H 149.588 -25.664 Hutton 2016 No No
Lucky Gully A Lucky Gully 5 149.582 -26.408 Precipice 2014 No No
Lucky Gully MB3-W 149.577 -26.402 Walloons 2014 No NA
Lucky Gully-MB1-G 149.583 -26.4 Gubberamunda Yes Yes Yes
Lucky Gully-MB2-S 149.583 -26.399 Springbok Yes No No
Meeleebee A Meeleebee-MB1-S 149.195 -26.242 Springbok 2014 No No
Meeleebee-MB2-H 149.214 -26.243 Hutton 2014 No No
Meeleebee-MB3-W 149.195 -26.242 Walloons 2014 No NA
Meeleebee-MB5-P 149.214 -26.243 Precipice 2014 No No
Meeleebee B Meeleebee-MB4-W 149.414 -26.162 Walloons Yes No NA
Meeleebee-MB7-S 149.414 -26.162 Springbok Yes Yes Yes
Muggleton A Muggleton-MB1-G 149.263 -26.321 Gubberamunda Yes Yes Yes
Muggleton-MB2-S 149.263 -26.321 Springbok Yes Yes No
Pine Hills-MB1-W 149.264 -26.318 Walloons 2014 No NA
Orana A Orana-MB15-S 150.427 -26.74 Springbok Yes Yes Yes
Orana-MB3-S 150.494 -26.731 Springbok Yes No NA
Orana-MB7-W 150.427 -26.74 Walloons Yes Yes NA
Orana B Orana-MB1-S 150.504 -26.9 Springbok 2014 No NA
Orana-MB4-W 150.503 -26.9 Walloons 2014 No NA
Orana C Orana-MB10-S 150.485 -26.811 Springbok Yes No NA
Orana-MB9-W 150.485 -26.811 Walloons 2014 No NA
Orana D Orana-MB5-W 150.55 -26.803 Walloons Yes No NA
Orana-MB8-S 150.55 -26.803 Springbok Yes No NA
Orana E Orana-MB11-W 150.533 -26.803 Walloons Yes No NA
Orana-MB12-S 150.533 -26.803 Springbok Yes No NA
Orana F Orana-MB13-W 150.543 -26.78 Walloons 2014 No NA
Orana-MB14-S 150.543 -26.78 Springbok 2014 No No
Peat A Peat-MB1-B 150.084 -26.002 Bandanna Yes No NA
Peat-MB2-P 150.096 -26.015 Precipice 2014 No No
Peat-MB3-H 150.096 -26.015 Hutton 2014 No No
Pine Hills (off- | o Liills South-MB1-S | 150.02 -26.876 Springbok 2016 No No

tenure) A

Pine Hills f;/’“th'MBz' 150.019 | -26.875 Walloons 2016 No NA
Pine Hills South-MB3-H 150.02 -26.875 Hutton 2016 No No
Ramyard A Ramyard-MB3-G 149.787 -26.482 Gubberamunda Yes Yes Yes
Ramyard-MB4-S 149.787 -26.482 Springbok Yes Yes Yes
Reedy Creek A Reedy Ck-INJ3-H 149.376 -26.347 Hutton Yes Yes No
Reedy Ck-INJ4-P 149.376 -26.347 Precipice Yes Yes No
Reedy Creek B Reedy Ck-INJ1-H 149.428 -26.359 Hutton Yes Yes No
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Map Bore Name Bore Bore Formation Drilled - June Instrumented - In:t:'ITllepd )

Identification Longitude Latitude 2014 June 2014 June 2014
Reedy Ck-INJ2-P 149.429 -26.359 Precipice Yes Yes No
Reedy Ck-INJ5-G 149.427 -26.358 Gubberamunda Yes Yes No
Reedy Ck-MB1-G 149.427 -26.356 Gubberamunda Yes Yes Yes
Reedy Ck-MB2-S 149.427 -26.356 Springbok Yes Yes Yes
Reedy Ck-MB3-H 149.427 -26.358 Hutton Yes Yes No
Reedy Ck-MB4-W 149.427 -26.357 Walloons Yes Yes NA
Reedy Ck-SC1-Wb 149.427 -26.356 Westbourne Yes Yes Yes
Reedy Ck-SC2-Wb 149.427 -26.356 Westbourne Yes NA NA
Spring Gully A Durham Ranch 23 149.104 -25.976 Bandanna Yes Yes NA
Spring Gully Camp Bore 149.072 -25.95 Precipice Yes Yes NA
Spring Gully B Spring Gully-DMHO01 149.071 -26 Hutton Yes Yes NA
Spring Gully-DMPO01 149.071 -26 Precipice Yes Yes NA
Spring Gully C Spring Gully-MB4-H 149.014 -26.075 Hutton Yes Yes Yes
Spring Gully-PB3 149.014 -26.075 Precipice Yes Yes Yes
Spring Gully D Strathzz:: (i‘l‘('j';“ Hole | 140121 | -25.86 Hutton Yes Yes NA
Stratcr:::(”g osr?tt'S 149.158 | -25.865 Hutton Yes Yes Yes
Strathblane-WB1-P 149.144 -25.9 Precipice Yes Yes NA
Spring Gully F Echo Hills Flowing Bore 149.214 -26.035 Precipice Yes Yes NA
Echo HingNeorthem 149193 | -26.013 Hutton Yes Yes NA
Spring Gully G Spring Gully-MB7-P 149.392 -25.999 Precipice 2014 No No
Spring Gully-MB8-H 149.392 -25.999 Hutton 2014 No No
Spring Gully H Spring Gully-MB10-H 149.386 -25.669 Hutton 2014 No No
Spring Gully-MB9-P 149.386 -25.67 Precipice 2014 No No
Spring Gully | Spring Gully-MB11-P 149.188 -25.692 Precipice Yes Yes Yes
Spring Gully-MB12-E 149.187 -25.691 Evergreen Yes Yes NA
Spring Gully-MB6-B 149.187 -25.692 Bandanna 2014 No NA
Spring Gully J Spring Gully-MB14-H 148.952 -25.964 Hutton 2014 No No
Spring Gully-PB5 148.952 -25.964 Precipice Yes No No
Spring Gully K Spring Gully-MB15-H 148.851 -25.838 Hutton 2014 No No
Spring Gully-PB1 148.851 -25.838 Precipice Yes Yes Yes
Spring Gully L Spring Gully-MB16-P 149.217 -25.867 Precipice 2014 No No
Spring Gully-MB17-H 149.217 -25.867 Hutton 2014 No No
Talinga A Talinga-MB10-G 150.369 -26.893 Gubberamunda Yes Yes NA
Talinga-MB3-H 150.369 -26.892 Hutton Yes Yes No
Talinga-MB5-G 150.37 -26.893 Gubberamunda Yes Yes Yes
Talinga-MB7-S 150.37 -26.893 Springbok Yes Yes Yes
Talinga-MB8-W 150.368 -26.894 Walloons Yes Yes NA
Talinga-MB9-G 150.369 -26.893 Gubberamunda Yes Yes NA
Talinga-SC1-Wb 150.371 -26.893 Westbourne Yes NA NA
Talinga-SC2-Wb 150.371 -26.893 Westbourne Yes Yes Yes
Turinga House Bore 150.37 -26.886 Gubberamunda Yes Yes NA
Talinga B Talinga-MB1-G 150.339 -26.849 Gubberamunda Yes Yes Yes
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Identification Longitude Latitude 2014 June 2014 June 2014
Talinga-MB2-S 150.339 -26.849 Springbok Yes Yes Yes
Waar Waar A Waar Waar-MB1-G 150.943 -27.795 Gubberamunda 2014 No No
Waar Waar-MB2-S 150.944 -27.795 Springbok 2014 No No
Waar Waar-MB3-H 150.944 -27.795 Hutton 2014 No No
Waar Waar-MB4-W 150.946 -27.794 Walloons 2014 No NA
Woleebee A Woleebee-MB1-W 149.848 -26.385 Walloons Yes No NA
Woleebee-MB2-G 149.848 -26.386 Gubberamunda Yes No No
Woleebee-MB3-S 149.848 -26.385 Springbok Yes No No
ZigZag A ZigZag-MB1-G 150.92 -27.967 Gubberamunda Yes Yes Yes
ZigZag-MB3-W 150.923 -27.965 Walloons Yes Yes NA
ZigZag-MB4-S 150.92 -27.968 Springbok Yes No No
Bethel Bore 2 Bethel BT R2° bertsBore | /9,96 26.54 Mooga Yes Yes NA
Byme Cr";fk'MBl' Byme Creek-MB1-W | 149.835 | -26.642 Walloons 2014 No NA
Carinya-MB5-H Carinya-MB5-H 149.886 -26.544 Hutton Yes No No
Condabri-MB7-G Condabri-MB7-G 150.238 -26.828 Gubberamunda 2014 No No
RN13030809 DERM RN13030809 149.837 -26.237 BMO Yes Yes NA
RN42220101 DERM RN42220101 149.503 -26.338 BMO Yes Yes NA
Echo Hills Echo Hills House Bore 149.188 -26.045 Hutton Yes NA NA
Echo H”t';f:"ajo”g 149217 | -26.044 Hutton Yes NA NA
Echo Hills Sheep Bore 149.217 -26.044 Hutton Yes NA NA
Hopelands Ezziagg:eva:z 150.579 -26.89 Walloons Yes Yes NA
:;’Eia;::e str:/gi 150579 | -26.89 Walloons Yes Yes NA
Marlan Marlan House Bore 150.19 -26.963 Gubberamunda Yes No NA
Marlan Windmill Bore 150.187 -26.993 Gubberamunda Yes Yes NA

Meeleebee Meeleebee Downs
Downs New Clifford House 149.363 -26.13 Precipice Yes Yes NA
Bore
Moorabinda Moorabinda Rhodes | g 3,4 | 55876 Hutton Yes No NA
Grass Bore

Noonga Creek 6 Noonga Creek 6 149.732 -26.568 Walloons 2014 No NA
Norwood Norwood Bore 149.467 -26.187 Precipice Yes Yes NA
Hutton Park Old Hutton Park Bore 148.878 -25.831 Hutton Yes No NA
Ora-MB6-H Orana-MB6-H 150.554 -26.822 Hutton 2014 No No
Ramyard-MB5-W Ramyard-MB5-W 149.696 -26.399 Walloons 2014 No NA
Rockv;zc:: Back Rockwood Back Bore 150.371 -26.931 Gubberamunda Yes Yes NA
Scotts treek | scousCreelSawmil | 149063 | 25877 Hutton Yes Yes NA
SG-MB13-P Spring Gully-MB13-P 149.047 -25.982 Precipice 2016 No No
SG-MB1-B Spring Gully-MB1-B 149 -25.938 Bandanna 2014 No NA
SG-MB2-B Spring Gully-MB2-B 149.172 -26.079 Bandanna Yes No NA
SG-MB3-B Spring Gully-MB3-B 149.052 -26.043 Bandanna 2014 No NA
SG-MB5-B Spring Gully-MB5-B 149.199 -25.912 Bandanna 2014 No NA
SG-MB8 SG-MB8 149.084 -26.012 Hutton Yes Yes NA
SG-MB9 SG-MB9 149.065 -25.98 Hutton Yes Yes No
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Identification Longitude Latitude 2014 June 2014
June 2014
SG-PB4 Spring Gully-PB4 148.863 -25.887 Precipice Yes No No
SG-PB6 Spring Gully-PB6 148.971 -26.006 Precipice 2014 No No
Stratljblane Slip Strathblane Slip Rails 149.216 95.873 Hutton Ves No NA
Rails Bore Bore
Tal 15 Talinga 15 150.365 -26.912 Walloons Yes Yes NA
Tal 16 Talinga 16 150.349 -26.823 Walloons Yes Yes NA
Tal-MB11-S Talinga-MB11-S 150.36 -26.758 Springbok Yes Yes Yes
Tal-MB4-G Talinga-MB4-G 150.399 -26.887 Gubberamunda Yes Yes NA
Waikola Waikola Bore Pad 1 149.283 -26.001 Hutton Yes No NA
Waikola House 149.253 | -26.036 Hutton Yes Yes NA
Paddock Bore
Waikola Lagoon 149278 | -26.011 Hutton Yes Yes NA
Paddock Bore
Waikola Plains Paddock |1 4q 555 | 6,036 Hutton Yes NA NA
Bore

Wallumba Wallumba Feedlot bore 150.236 -26.846 Hutton Yes Yes NA
Wallumba House Bore 150.226 -26.83 Gubberamunda Yes Yes NA
Wieambilla Wleambgloar(jravel Pit 150.387 -26.895 Gubberamunda Yes Yes NA
W'eamb'gifslar Panel | 150411 | -26.865 Springbok Yes Yes NA
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Bore ID Formation Bore Type Top of Screen Bottom of Screen Interval | Average Pumping Duration. of Test Trans;nissivity Stor.ativity Hydraulic Conductivity Analytical Solution Test Type Notes
(mbgl) Screen (mbgl) (m) Rate (L/s) (min) (m*/day) (unitless) (m/day)
Condabri INJ3-G Gubberamunda Sandstone Pumping 104.4 182.2 77.8 2.7,3.6,3.7 360 26 3.38E-01 Eden-Hazel (1973) MRT
Condabri INJ3-G Gubberamunda Sandstone Pumping 104.4 182.2 77.8 2.7,3.6,3.7 360 26 3.30E-01 Theis (1935) MRT and recovery
Condabri INJ3-G Gubberamunda Sandstone Pumping 104.4 182.2 77.8 - 21 2.74E-01 Agarwal (1980) MRT recovery
Condabri INJ3-G Gubberamunda Sandstone Pumping 104.4 182.2 77.8 3.7 2970 25 3.23E-01 Theis (1935) CRT
Condabri INJ3-G Gubberamunda Sandstone Pumping 104.4 182.2 77.8 3.7 2970 26 3.30E-01 Cooper-Jacob (1946) CRT
Condabri INJ3-G Gubberamunda Sandstone Pumping 104.4 182.2 77.8 24 3.10E-01 Theis (1935) CRT Recovery
Condabri INJ3-G Gubberamunda Sandstone Pumping 104.4 182.2 77.8 - - 24 3.11E-01 Papadopulos-Cooper (1967) CRT Recovery
Condabri MB1-G Gubberamunda Sandstone Pumping 362 409 47 0.4,0.8, 1.4, 1.6 25, 95, 51, 180 29 6.17E-01 Birsoy and Summers (1980) MRT
Condabri MB1-G Gubberamunda Sandstone Pumping 362 409 47 - - 18 3.83E-01 Birsoy and Summers (1980) recovery MRT Recovery
Condabri MB1-G Gubberamunda Sandstone Pumping 362 409 47 - 16 3.40E-01 Theis (1935) recovery MRT Recovery
Condabri MB3-G Gubberamunda Sandstone Pumping 359.15 389.45 30.3 180 77 2.54E+00 Cooper-Jacob (1946) CRT Recovery
Dalwogan MB1-G Gubberamunda Sandstone Pumping 161 191 30 12 2 8.00E-02 Hvorslev (1951) Slug Test (rising head)
Dalwogan MB1-G Gubberamunda Sandstone Pumping 161 191 30 70 2 5.10E-02 Cooper-Bredehoeft-Papadopulos (in Lohman, 1979) Slug Test (rising head)
Dalwogan MB1-G Gubberamunda Sandstone Pumping 161 191 30 57 0.5 1.53E-02 Dougherty-Babu (1984) Slug Test
Dalwogan MB3-G Gubberamunda Sandstone Pumping 202 225 23 4260 0.003 1.35E-04 Hvorslev (1951) Slug Test
Dalwogan MB3-G Gubberamunda Sandstone Pumping 202 225 23 4260 0.6 2.39E-02 Cooper-Bredehoeft-Papadopulos (in Lohman, 1979) Slug Test
Muggleton MB1-G Gubberamunda Sandstone Pumping 133.3 159.75 26.45 1.15, 1.95 89,108 75 2.85E+00 Dougherty-Babu (1984) MRT steps 2, 3, and recovery
Muggleton MB1-G Gubberamunda Sandstone Pumping 133.3 159.75 26.45 1.15, 1.95 89,108 70 2.66E+00 Eden-Hazel (1973) MRT steps 2, 3
Muggleton MB1-G Gubberamunda Sandstone Pumping 133.3 159.75 26.45 62 2.33E+00 Theis (1935) MRT recovery
Muggleton MB1-G Gubberamunda Sandstone Pumping 133.3 159.75 26.45 64 2.41E+00 Cooper-Jacob (1946) CRT recovery
Muggleton MB1-G Gubberamunda Sandstone Pumping 133.3 159.75 26.45 - 61 2.32E+00 Theis (1935) CRT recovery
Muggleton MB1-G Gubberamunda Sandstone Pumping 133.3 159.75 26.45 3.14 482 21 7.94E-01 Hantush (1960) CRT and recovery
Ramyard MB3-G Gubberamunda Sandstone Pumping 423 453 30 0.38 480 8 2.67E-01 Cooper-Jacob (1946) CRT (early time)
Ramyard MB3-G Gubberamunda Sandstone Pumping 423 453 30 0.38 480 25 8.33E-01 Theis (1935) CRT (early time)
Ramyard MB3-G Gubberamunda Sandstone Pumping 423 453 30 0.38 480 4 1.33E-01 Hantush (1960) CRT
Ramyard MB3-G Gubberamunda Sandstone Pumping 423 453 30 - 8 2.67E-01 Theis (1935) residual CRT Recovery
Ramyard MB3-G Gubberamunda Sandstone Pumping 423 453 30 26 8.67E-01 Theis (1935) Agarwal CRT Recovery
Ramyard MB3-G Gubberamunda Sandstone Pumping 423 453 30 4 1.33E-01 Hantush (1960) residual CRT Recovery
Ramyard MB3-G Gubberamunda Sandstone Pumping 423 453 30 - 4 1.33E-01 Hantush (1960) Agarwal CRT Recovery
Reedy Creek INJ5-G [ Gubberamunda Sandstone Pumping 202.62 234.54 31.92 2.2,3.0,3.5 300 18 5.64E-01 Eden-Hazel (1973) MRT
Reedy Creek INJ5-G [ Gubberamunda Sandstone Pumping 202.62 234.54 31.92 - 26 8.15E-01 Papadopulos-Cooper (1967) MRT Recovery
Reedy Creek INJ5-G [ Gubberamunda Sandstone Pumping 202.62 234.54 31.92 3.3 1800 17 5.45E-01 Cooper-Jacob (1946) CRT
Reedy Creek INJ5-G | Gubberamunda Sandstone Pumping 202.62 234.54 31.92 3.3 1800 19 5.80E-01 Theis (1935) CRT
Reedy Creek INJ5-G | Gubberamunda Sandstone Pumping 202.62 234.54 31.92 19 5.95E-01 Papadopulos-Cooper (1967) CRT Recovery
Reedy Creek INJ5-G | Gubberamunda Sandstone Pumping 202.62 234.54 31.92 - 22 - 6.89E-01 Theis (1935) CRT Recovery
Reedy Creek MB1-G Gubberamunda Sandstone Obsevation (317m to Reedy Creek INJ5-G) 191 226 35 3.3 1800 20 1.00E-05 5.69E-01 Cooper-Jacob (1946) CRT
Reedy Creek MB1-G Gubberamunda Sandstone Obsevation (317m to Reedy Creek INJ5-G) 191 226 35 3.3 1800 12 3.54E-01 Theis (1935) CRT (early time)
Reedy Creek MB1-G | Gubberamunda Sandstone Obsevation (317m to Reedy Creek INJ5-G) 191 226 35 3.3 1800 28 - 8.06E-01 Theis (1935) CRT (late time)
Reedy Creek MB1-G | Gubberamunda Sandstone Obsevation (317m to Reedy Creek INJ5-G) 191 226 35 - 32 2.80E-04 9.14E-01 Cooper-Jacob (1946) CRT Recovery
Reedy Creek MB1-G | Gubberamunda Sandstone Pumping 191 226 35 2.7 300 22 6.14E-01 Cooper-Jacob (1946) CRT
Reedy Creek MB1-G | Gubberamunda Sandstone Pumping 191 226 35 60 20 5.57E-01 Theis (1935) recovery CRT Recovery
Talinga MB1-G Gubberamunda Sandstone Pumping 29.3 66 36.7 3 320 36 9.81E-01 Cooper-Jacob (1946) CRT
Talinga MB1-G Gubberamunda Sandstone Pumping 29.3 66 36.7 180 21 5.72E-01 Cooper-Jacob (1946) CRT Recovery
Talinga MB5-G Gubberamunda Sandstone Pumping 53.25 80.18 26.93 1 300 230 8.54E+00 Cooper-Jacob (1946) CRT
Talinga MB5-G Gubberamunda Sandstone Pumping 53.25 80.18 26.93 180 18 6.68E-01 Cooper-Jacob (1946) CRT Recovery (early time)
Talinga MB5-G Gubberamunda Sandstone Pumping 53.25 80.18 26.93 180 55 2.04E+00 Cooper-Jacob (1946) CRT Recovery (late time)
Reedy Creek SC1-Wb Westbourne Formation Pumping 244 350 106 464 0.2 1.42E-03 Hvorslev (1951) Slug Test
Reedy Creek SC1-Wb Westbourne Formation Pumping 244 350 106 464 0.3 2.36E-03 Bouwer-Rice (1976) Slug Test
Reedy Creek SC2-Wb Westbourne Formation Pumping 243 325 82 72 0.6 6.95E-03 Eden-Hazel (1973) Dynamic Test
Reedy Creek SC2-Wb Westbourne Formation Pumping 243 325 82 380 0.4 4.63E-03 Hvorslev (1951) Slug Test
Reedy Creek SC2-Wb Westbourne Formation Pumping 243 325 82 380 0.2 1.95E-03 Bouwer-Rice (1976) Slug Test
Talinga SC1-Wb Westbourne Formation Pumping 95.35 200.03 104.68 1200 0.08 7.55E-04 Cooper-Jacob (1946) CRT Recovery (late time)
Talinga SC1-Wb Westbourne Formation Pumping 95.35 200.03 104.68 0.7 6.78E-03 Hvorslev (1951) Slug Test
Talinga SC2-Wb Westbourne Formation Pumping 95.25 200 104.75 540 0.01 1.05E-04 Cooper-Jacob (1946) CRT Recovery (late time)
Talinga SC2-Wb Westbourne Formation Pumping 95.25 200 104.75 - 0.3 - 2.86E-03 Hvorslev (1951) Slug Test
Talinga SC1-Wb Westbourne Formation Observation (18.5m to Talinga SC2-Wb) 95.35 200.03 104.68 0.008 282 0.06 1.97E-05 5.63E-04 Papadopulos-Cooper (1967) CRT incomplete recovery
. . . . s depressurisation was noted in this bore while drilling
Condabri MB2-S Springbok Sandstone Observation (72m to Condabri MB9-H 547 551.1 4.1 271,620 0.05 5.74E-05 1.30E-02 KGS Model (1994) Drilling through the Springbok Sandstone at Condabri MB9-H
Condabri MB4-S Springbok Sandstone Pumping 542 580 38 - - - - yield too low
Condabri MB4-S Springbok Sandstone Pumping 542 580 38 0.002 126 0.08 2.11E-03 Theis (1935) recovery Flow Test (constant head)
Dalwogan MB2-S Springbok Sandstone Pumping 322 349 27 - - - - - - yield too low
Dalwogan MB4-S Springbok Sandstone Pumping 368 378.5 10.5 4590 0.0001 9.52E-06 Hvorslev (1951) Slug Test
Ramyard MB4-S Springbok Sandstone Pumping 671.9 688 16.1 0.3 5 0.06 3.73E-03 Dougherty-Babu (1984) CRT and Recovery
Reedy Creek MB2-S Springbok Sandstone Pumping 381 410.29 29.29 - - - - yield too low / no response
Talinga MB2-S Springbok Sandstone Pumping 165 205 40 1.2 300 2 5.75E-02 Cooper-Jacob (1946) CRT (late time) large natural fracture in retrieved core
Talinga MB2-S Springbok Sandstone Pumping 165 205 40 1.2 300 0.6 1.50E-02 Cooper-Jacob (1946) CRT (early time) large natural fracture in retrieved core
Talinga MB2-S Springbok Sandstone Pumping 165 205 40 120 0.5 1.25E-02 Cooper-Jacob (1946) CRT Recovery large natural fracture in retrieved core
Talinga MB7-S Springbok Sandstone Pumping 207 222.71 15.71 0.2 50 0.03 2.10E-03 Cooper-Jacob (1946) CRT (late time)
Talinga MB7-S Springbok Sandstone Pumping 207 222.71 15.71 0.2 50 0.02 1.34E-03 Theis (1935) CRT (late time)
Talinga MB7-S Springbok Sandstone Pumping 207 222.71 15.71 420 1 8.27E-02 Cooper-Jacob (1946) CRT Recovery (early time)
Condabri INJ1-H Hutton Sandstone Pumping 842.4 1037.7 195.3 0.3-0.4 1506 2 8.70E-03 Dougherty-Babu (1984) CRT
Condabri INJ1-H Hutton Sandstone Pumping 842.4 1037.7 195.3 0.3-0.4 1506 2 1.13E-02 Bounded Hantush (1960) CRT
Condabri INJ1-H Hutton Sandstone Pumping 842.4 1037.7 195.3 0.3-0.4 1506 2 7.68E-03 Moench (1984) CRT
Condabri INJ1-H Hutton Sandstone Pumping 842.4 1037.7 195.3 1572 7 3.74E-02 Hantush (1960) with Agarwal equivalent time CRT Recovery
Condabri INJ4-H Hutton Sandstone Pumping 701.8 891.7 189.9 2.7-2.8 600 9 4.84E-02 Cooper-Jacob (1946) CRT
Condabri INJ4-H Hutton Sandstone Pumping 701.8 891.7 189.9 2.7-2.8 600 7 3.53E-02 Theis (1935) CRT
Condabri INJ4-H Hutton Sandstone Pumping 701.8 891.7 189.9 2.7-2.8 600 6 2.95E-02 Moench (1984) CRT
Condabri INJ4-H Hutton Sandstone Pumping 701.8 891.7 189.9 936 9 4.58E-02 Theis (1935) recovery CRT Recovery
Condabri INJ4-H Hutton Sandstone Pumping 701.8 891.7 189.9 936 4 2.21E-02 Moench (1984) with Agarwel equivalent time CRT Recovery
Condabri INJ4-H Hutton Sandstone Pumping 701.8 891.7 189.9 936 8 4.21E-02 Cooper-Jacob (1946) with Agarwel equivalent time CRT Recovery
Condabri MB9-H Hutton Sandstone Pumping 981.83 1297 315.17 4.1 660 15 4.76E-02 Cooper-Jacob (1946) CRT
Condabri MB9-H Hutton Sandstone Pumping 981.83 1297 315.17 4.1 660 30 9.52E-02 Theis (1935) recovery CRT Recovery
Condabri MB9-H Hutton Sandstone Pumping 981.83 1297 315.17 4.1 660 48 1.52E-01 Theis (1935) recovery CRT Recovery
Reedy Creek INJ1-H Hutton Sandstone Pumping 826.5 1183.2 356.7 1.5-1.7 2886 1 3.08E-03 Theis (1935) CRT (early time)




Reedy Creek INJ1-H Hutton Sandstone Pumping 826.5 1183.2 356.7 1.5-1.7 2886 6 1.60E-02 Cooper-Jacob (1946) CRT (early time)
Reedy Creek INJ1-H Hutton Sandstone Pumping 826.5 1183.2 356.7 1.5-1.7 2886 2 6.73E-03 Hantush (1960) CRT (late time)
Reedy Creek INJ1-H Hutton Sandstone Pumping 826.5 1183.2 356.7 1.5-1.7 2886 3 - 7.85E-03 Moench (1985) CRT (late time)
Reedy Creek MB3-H Hutton Sandstone Observation (202m to Reedy Creek INJ1-H) 832.21 1146 313.79 - 7 1.90E-05 2.29E-02 Theis (1935) CRT (late time)
Reedy Creek MB3-H Hutton Sandstone Observation (202m to Reedy Creek INJ1-H) 832.21 1146 313.79 8 1.60E-05 2.42E-02 Cooper-Jacob (1946) CRT (late time)
Reedy Creek MB3-H Hutton Sandstone Observation (202m to Reedy Creek INJ1-H) 832.21 1146 313.79 - - 7 1.90E-05 2.17E-02 Hantush (1960) CRT
Reedy Creek MB3-H Hutton Sandstone Pumping 832.21 1146 313.79 1.3-3.0 300 2 6.69E-03 Birsoy-Summers (1980) MRT
Reedy Creek MB3-H Hutton Sandstone Pumping 832.21 1146 313.79 - - 5 1.47E-02 Theis (1935) recovery MRT Recovery
Reedy Creek MB3-H Hutton Sandstone Pumping 832.21 1146 313.79 1.2 240 4 1.12E-02 Cooper-Jacob (1946) CRT
Reedy Creek MB3-H Hutton Sandstone Pumping 832.21 1146 313.79 - - 3 9.88E-03 Theis (1935) recovery CRT Recovery
Reedy Creek MB3-H Hutton Sandstone Pumping 832.21 1146 313.79 1.0 480 3 9.88E-03 Cooper-Jacob (1946) CRT
Reedy Creek MB3-H Hutton Sandstone Pumping 832.21 1146 313.79 - - 5 - 1.43E-02 Theis (1935) recovery CRT Recovery
Reedy Creek MB3-H Hutton Sandstone Observation (4,411m to Reedy Creek INJ3-H) 832.21 1146 313.79 22.4 485,280 15 1.46E-04 4.75E-02 Theis (1935) CRT
Reedy Creek INJ3-H Hutton Sandstone Pumping 757.25 1105.7 348.45 3.5-3.7 371 39 1.12E-01 Cooper-Jacob (1946) CRT
Spring Gully MB4-H Hutton Sandstone Pumping 159 177.2 18.2 1.9-3.3 480 343 1.88E+01 Jacob-Lohman (1952) CRT formation heavily fractured
Talinga MB3-H Hutton Sandstone Pumping 665.26 965.6 300.34 1.3 31 10 3.31E-02 Cooper-Jacob (1946) CRT
Talinga MB3-H Hutton Sandstone Pumping 665.26 965.6 300.34 122 2 7.92E-03 Theis (1935) recovery CRT Recovery
Talinga MB3-H Hutton Sandstone Pumping 665.26 965.6 300.34 122 2 7.59E-03 Theis (1935) recovery CRT Recovery
Talinga MB3-H Hutton Sandstone Pumping 665.26 965.6 300.34 70 1 4.66E-03 Theis (1935) recovery CRT Recovery (early time)
Talinga MB3-H Hutton Sandstone Pumping 665.26 965.6 300.34 70 6 1.97E-02 Theis (1935) recovery CRT Recovery (late time)
Talinga MB3-H Hutton Sandstone Pumping 665.26 965.6 300.34 70 6 2.09E-02 Theis (1935) recovery CRT Recovery (late time)
Talinga MB3-H Hutton Sandstone Pumping 665.26 965.6 300.34 70 0.9 2.83E-03 Cooper-Bredehoeft-Papadopulos (in Lohman, 1979) CRT Recovery (early time)
Ironbark WB1-M Mooga Sandstone Pumping 185 211 26 1504 0.9 3.46E-02 Theis (1935) recovery CRT Recovery (early time)
Ironbark WB1-M Mooga Sandstone Pumping 185 211 26 - 1504 0.5 1.92E-02 Theis (1935) recovery CRT Recovery (late time)
Combabula WB1-P Precipice Sandstone Pumping 1328.3 1481.55 153.25 15.4 1584 376 2.45E+00 Cooper-Jacob (1946) CRT
Condabri INJ2-P Precipice Sandstone Pumping 1189.3 1278.7 89.4 9.2 21,600 260 2.91E+00 Modified non-steady state flow CRT (constant rate)
Condabri INJ2-P Precipice Sandstone Pumping 1189.3 1278.7 89.4 9.2 21,600 319 3.57E+00 Theis (1935) CRT (constant rate)
Condabri INJ2-P Precipice Sandstone Pumping 1189.3 1278.7 89.4 9.2 21,600 184 2.06E+00 Cooper-Jacob (1946) CRT (constant rate)
Condabri INJ2-P Precipice Sandstone Pumping 1189.3 1278.7 89.4 9.2 21,600 326 3.65E+00 Theis (1935) CRT (variable rate)
Condabri INJ2-P Precipice Sandstone Pumping 1189.3 1278.7 89.4 9.2 21,600 152 1.70E+00 Cooper-Jacob (1946) CRT (variable rate)
Condabri INJ5-P Precipice Sandstone Pumping 1033.1 1190.4 157.3 10.0 764 94 5.98E-01 Cooper-Jacob (1946) CRT
Condabri INJ5-P Precipice Sandstone Pumping 1033.1 1190.4 157.3 10.0 764 106 - 6.74E-01 Cooper-Jacob (1946) CRT
DMPO1 Precipice Sandstone Observation (38m to DRP-WI-1) 436.5 516.5 80 - 13910 2.86E-04 1.74E+02 Cooper-Jacob (1946) CRT (manual readings)
DMPO1 Precipice Sandstone Observation (38m to DRP-WI-1) 436.5 516.5 80 11592 2.38E-04 1.45E+02 Cooper-Jacob (1946) CRT (levelogger readings)
DMPO1 Precipice Sandstone Observation (38m to DRP-WI-1) 436.5 516.5 80 11992 1.50E+02 Theis (1935) recovery CRT Recovery (manual readings)
DMPO1 Precipice Sandstone Observation (38m to DRP-WI-1) 436.5 516.5 80 - - 10700 1.34E+02 Theis (1935) recovery CRT Recovery (levelogger readings)
Reedy Creek INJ2-P Precipice Sandstone Pumping 1285.42 1376.49 91.07 11.0 8767 39 4.28E-01 Cooper-Jacob (1946) CRT 1
Reedy Creek INJ2-P Precipice Sandstone Pumping 1285.42 1376.49 91.07 9.3 20262 61 - 6.70E-01 Cooper-Jacob (1946) CRT 2
Reedy Creek INJ4-P Precipice Sandstone Observation (4,517m to Reedy Creek INJ2-P) 1207.38 1303.7 96.32 - 212 3.10E-05 2.20E+00 Theis (1935) CRT 1
Reedy Creek INJ4-P Precipice Sandstone Observation (4,517m to Reedy Creek INJ2-P) 1207.38 1303.7 96.32 203 2.50E-05 2.11E+00 Theis (1935) CRT 2
Reedy Creek INJ4-P Precipice Sandstone Observation (4,517m to Reedy Creek INJ2-P) 1207.38 1303.7 96.32 - - 156 2.80E-05 1.62E+00 Theis (1935) CRT 1 and CRT 2
Reedy Creek INJ4-P Precipice Sandstone Pumping 1207.38 1303.7 96.32 20.5 600 263 - 2.73E+00 Cooper-Jacob (1946) CRT
Reedy Creek INJ4-P Precipice Sandstone Pumping 1207.38 1303.7 96.32 20.5 600 249 2.59E+00 Cooper-Jacob (1946), Kawecki (1995) temperature corrected CRT

Notes:

K for all bores calculated using the screen interval
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Nest

Nest Longitude

Nest Latitude

Origin Bore Identifier

Longitude

Latitude

Target Aquifer

Discussion

Combabula A

149.551

-26.234

Combabula-MB1-G

149.564174

-26.231021

Gubberamunda

Water level rise of approximately 1 metre from late November 2013 until
early January 2014, at which time a short duration pumping test (4 hours)
was undertaken. Water level has since stabilised at around 29.8 mbRP.

Combabula-MB2-S

149.564174

-26.231021

Springbok

Pressure sensor installed in late November 2013. In the 4 months to March
2014 (36.73 mbRP) the water level has fluctuated approximately 0.2 metres.

Combabula-MB3-W

149.565094

-26.230602

Walloons

No time series analysis

Combabula-WB1-P

149.511439

-26.2452528

Precipice

Erroneous data from pressure sensors likely due to pump interfering with
signal. SWL at 65.74 mbRP on 8/2/2013

Condabri A

150.171

-26.808

Condabri-MB1-G

150.171038

-26.80856348

Gubberamunda

Water level declining consistently at approximately 0.45 metres per year
since monitoring commenced in February 2011. Measured water level on
2/5/2014 was 39.56mbRP

Condabri-MB2-S

150.171028

-26.80853622

Springbok

Probable slight upward trend in groundwater level punctuated by a number
of recovery events following 6 monthly sampling events. Due to very low
permeability the post-sampling recovery and any underlying upward trends
are difficult to discern. Head potential of approximately 85.5 maRP

Condabri-MB9-H

150.170836

-26.80791111

Hutton

Water level declining at approximately 2.4 metres per year. Apparent step
down in water level of 1.5 metres following 3 days of pumping November
2012. Most recent SWL measured at 18.76 mbRP on 24th July 2013.

Condabri B

150.218

-26.938

Condabri 140

150.229367

-26.931467

Walloons

No time series analysis

Condabri-MB3-G

150.211851

-26.94168969

Gubberamunda

Water level declining at approximately 0.4 metres per year since monitoring
commenced in June 2011. Measured water level on 7/5/2014 was 45.13
mbRP

Condabri-MB4-S

150.211851

-26.94168969

Springbok

Water level generally stable, no obvious trends. Head potential of
approximately 6 maRP

Condabri C

150.223

-26.787

Condabri-INJ1-H

150.223922

-26.78642023

Hutton

Water level decline of approximately 0.5 metres over a 5 month period
(February to July 2013) which equates to an average annual decline of 1.3
metres. Measured water level on 23/7/2013 was 13.75 mbRP

Condabri-INJ2-P

150.224535

-26.78695421

Precipice

Water level decline of approximately 0.2 metres over a 5 month period
(February to July 2013). Water level decline of approximately 0.15 metres
over a 7 month period (November 2013 to May 2014) although appears to
have stabilised over the last 3 months of this period. Bore was airlifted in July
2013. Water level increased at least (second dip was taken 3 months after

develonment) 2.5 metres as a result.
Prior to this the bore had not been developed, so the rise in water level is

likely due to the removal drilling muds from the bore. Measured water level
on 24/10/2013 was 47.18 mbRP

Condabri-INJ3-G

150.224765

-26.78671772

Gubberamunda

Water level decline of approximately 1.1 metres over just under 9 month
period (July 2013 to April 2014) which equates to an average annual decline
of 1.5 metres. Measured water level on 23/7/2013 was 22.97 mbRP

Condabri-MB12-W

150.217555

-26.78868

Walloons

No time series analysis

Condabri D

150.226

-26.684

Condabri-INJ4-H

150.225584

-26.683998

Hutton

Water level decline of approximately 0.25 metres over a 5 month period
(November 2013 to April 2014) which equates to an average annual decline
of approximately 0.6 metres. Measured water level on 21/11/2013 was 30.12
mbRP

Condabri-INJ5-P

150.226153

-26.683994

Precipice

Stable or very minor upward trend in water level measured over period
between February to April 2014. Prior to this only one manual water level
was recorded on 18th November 2013. The water level at this time was 63.8
mbRP, being 0.8 metres below level measured in February 2014 (63 mbRP).
This water level may not represent static conditions as it was collected after
the removal of a pump following a 24 hour pumping test.

Condabri-MB10-W

150.227368

-26.683986

Walloons

No time series analysis

Dalwogan A

150.104

-26.554

Dalwogan-MB3-G

150.103964

-26.55354155

Gubberamunda

Water level record is punctuated by pumping influenced monitoring events.
No obvious trend. Most recent SWL measured at 61.3 mbRP on 7th Feb
2014

Dalwogan-MB4-S

150.103952

-26.55361349

Springbok

Very slow recovery rates following early pumping events. All measured water
level data is of recovery period, and hence not representative of background
formation pressures. A brief period of water level data collected after
February 2014 corresponds to a post-low flow pumping event during which
the water level was lowered to approximately 100 metres below ground

level
The recovery curve in inconsistent with previous monitoring data, however

the time period is insufficient to make a determination of the likely cause.

Dalwogan-MB5-H

150.104268

-26.554621

Hutton

No data

Dalwogan-MB6-W

150.104218

-26.554261

Walloons

No time series analysis

Dalwogan B

150.146

-26.630

Dalwogan 12

150.146044

-26.631492

Walloons

No time series analysis

Dalwogan-MB1-G

150.145539

-26.62947413

Gubberamunda

Water level fluctuates considerably (>3 metres) through the monitoring
period. No definitive trend exists, however there appears to be a correlation
to the cumulative rainfall residual curve, suggesting by local recharge
influence. Monitoring record is truncated by periods of no data due to the
sensor pressure rating being exceeded. Most recent SWL measured at 40.3
mbRP on 22nd Jan 2014.

Dalwogan-MB2-S

150.145507

-26.62953665

Springbok

Continuous water level record is not available for bore. First and last dip are
pumping effected and not representative of formation pressure. Bore initially

recovered and flowed however once shut in, a gas cap suppressed the water
lovol tn clighthv holaw TOC

Gilbert Gully A

150.897

-27.598

Gilbert Gully-MB1-G

150.896347

-27.597347

Gubberamunda

No obvious water level trend during period of continuous monitoring with
down hole pressure sensor. Early manual water levels are likely effected by
pumping and development influences. Water level at 84.13 mbRP on the
11/3/2014

Gilbert Gully-MB2-S

150.896436

-27.597457

Springbok

No obvious water level trend during period from installation of down hole
pressure sensor. Water level at 72.03 mbRP on the 11/3/2015

Gilbert Gully-MB3-W

150.89878

-27.598304

Walloons

No time series analysis

Ironbark A

150.218

-27.084

Duke 25

150.221303

-27.10827222

Springbok

2 dips only. 5.74 metre water level decline in just over a year (437 days)
monitoring period

Ironbark-MB10-H

150.211264

-27.034864

Hutton

No data

Ironbark-MB11-W

150.221303

-27.10827222

Walloons

No data
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Nest Longitude

Nest Latitude

Origin Bore Identifier

Longitude

Latitude

Target Aquifer

Discussion

Ironbark B

150.394

-27.108

Duke 27

150.394239

-27.10829167

Springbok

2 dips only. 3.36 metre water level decline in just over a year (437 days)
monitoring period

Ironbark-MB1-W

150.394239

-27.10829167

Walloons

No data

Ironbark-MB2-G

150.394239

-27.10829167

Gubberamunda

No data

Kainama A

150.780

-27.040

Kainama-MB1-W

150.780253

-27.039582

Walloons

No data

Kainama-MB2-S

150.780587

-27.039506

Springbok

Hydrograph shows recovery period post pumping. Water level still recovering
on the 2/5/2014 (35.47 mbRP) almost 2 months (7/3/2014) after bore was
pumped.

Muggleton A

149.263

-26.320

Muggleton-MB1-G

149.263006

-26.320593

Gubberamunda

Two manual water levels recoded in July 2013 and February 2014 (49.5
mbRP)

Muggleton-MB2-S

149.263156

-26.320591

Springbok

Water level at 188.63 mbRP on the 12/2/2014 still recovering following
drilling and completion in 12/3/2013 (airlifted) . Water level recovered 5.27
metres in 1 month to 12/2/2014

Pine Hills-MB1-W

149.263713

-26.318335

Walloons

No data

Ramyard A

149.787

-26.482

Ramyard-MB3-G

149.786539

-26.48194

Gubberamunda

No trend during monitoring period. Groundwater level at 89.92 mbRP on the
16/2/2014

Ramyard-MB4-S

149.786589

-26.481946

Springbok

Water level still recovering on the 13/5/2014 (57.2 mbRP) following pumping
event on 26/8/2013.

Reedy Creek A

149.376

-26.347

Reedy Ck-INJ3-H

149.37575

-26.34724497

Hutton

Water level data influenced by pumping for hydraulic testing and
construction water supply. Hydraulic testing program completed between
21st June and 8th August 2012. Bore used for construction water supply
from 23rd September 2012. Downhole pressure transducer failed and has not
yet been replaced as pump remains installed.

Reedy Ck-INJ4-P

149.37625

-26.34725763

Precipice

Water level data influenced by pumping for hydraulic testing and
construction water supply. Hydraulic testing was completed between 19th
and 24th April 2012. Bore used for construction water supply from 8th
December 2012.

Reedy Creek B

149.427

-26.357

Reedy Ck-INJ1-H

149.428265

-26.35879823

Hutton

Water level data influenced by hydraulic testing and aquifer injection trial.
Hydraulic testing program completed between 4th and 9th July, 2012.
Aquifer injection trial commenced on 28th March, 2013. Downhole pressure
transducers failed during aquifer injection, due to water ingress. Extraction of
the injected water commenced on 30th October 2013.

Reedy Ck-INJ2-P

149.428644

-26.35890984

Precipice

Water level data influenced by hydraulic testing and aquifer injection trial.
Hydraulic testing program completed between 1st August and 23rd
September 2012. Aquifer injection trial commenced on 27th March, 2013.
Extraction of the injected water commenced on 8th October 2013.

Reedy Ck-INJ5-G

149.426743

-26.35758604

Gubberamunda

Water level data influenced by hydraulic testing and aquifer injection trial.
Hydraulic testing program completed between 16th and 19th September
2012. Aquifer injection trial commenced on 24th March, 2013. Extraction of
the injected water commenced on 29th October 2013.

Reedy Ck-MB1-G

149.42676

-26.35629525

Gubberamunda

Water level data impacted by injection and pumping at nearby trial injection
bore Reedy Creek-INJ5-G.

Reedy Ck-MB2-S

149.42673

-26.35632004

Springbok

Overall net decline of 2.2 m over period of observation. Some correlation
evident with cumulative residual rainfall. Bore purged for water quality
sampling October 2013. October 2013 to May 2014 water level recovery = 1
m/month

Reedy Ck-MB3-H

149.426637

-26.35772267

Hutton

Overall net decline of 8.5 m over period of observation, due to pumping of
Reedy Creek INJ3-H (located approximately 4.3 km away) for construction
water supply. Pumping at Reedy Creek INJ3-H ceased in February 2014.
Water levels at Reedy Creek MB3-H observed to be recovering.

Reedy Ck-MB4-W

149.426894

-26.3566269

Walloons

No time series analysis

Reedy Ck-SC1-Wb

149.42679

-26.35623004

Westbourne

Artesian bore. Data shows a long recovery in groundwater level after
installation of extensometer at Reedy Creek SC2-Wb (bore allowed to flow
for 30 hrs). More recent groundwater levels show a minor upwards trend of
0.13m

Reedy Ck-SC2-Wb

149.4267

-26.35633002

Westbourne

Extensometer installed end July 2012

Spring Gully A

149.088

-25.963

Durham Ranch 23

149.104161

-25.97648889

Bandanna

Formation pressures continuing to decline for all monitoring zones. An
average annual decline of 17.1 metres (min 13.78 metres & max 21.84
metres) has been measured from all 3 monitored zones.

Spring Gully Camp Bore

149.071967

-25.949917

Precipice

Water level data is influenced by pumping activity, with no trend from long
term manual water level measurements. Monitoring (logger) data over the
period from November 2011 to July 2012 shows an upward trend with
approximately 2 metres. The validity of this data cant be determined due to a
lack of manual water level measurements.

Spring Gully B

149.071

-26.000

Spring Gully-DMHO01

149.071014

-26.0004971

Hutton

No obvious water level trends during monitoring period of 1 year and 10
month monitoring period to July 2013 (22.11 mbRP).

Spring Gully-DMP0O1

149.071356

-26.00044608

Precipice

Injection trial into aquifer and continuous pumping for much of the period
between April 2012 and April 2013 has influenced monitoring record. Water
level data prior to and following this period shows no obvious water level
trends.

Spring Gully C

149.014

-26.075

Spring Gully-MB4-H

149.013761

-26.075

Hutton

Overall declining water level trend over monitoring period from April 2012 to
November 2013 (28.89 mbRP) with an average annual decline of 0.2 metres.
Decline is not continuous with seasonal variability showing increases in water
level (June to July 2013 and April to June 2013)

Spring Gully-PB3

149.013783

-26.07509

Precipice

Declining water level trend over monitoring period from April 2012 to May
2014 (35.09 mbRP) with an average annual decline of 0.35 metres.

Spring Gully D

149.141

-25.875

krathblane Bullet Hole Gate (ol

149.120881

-25.86009158

Hutton

No long term water level trend observed through monitoring period
commencing 17/5/2011. Downward trend for 12 months to November 2013
(36.79 mbRP) with a decline of 0.3 metres

Strathblane Scott's Creek Bore,

149.157793

-25.86451174

Hutton

Apparent declining water level since 2013 (no continuous logger data from
16/1/2012 to 16/10/2013). Net water level change of 1.05 metres over this
period. Most recent measured water level at 10.76 mbRP on 27/2/2014
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Strathblane-WB1-P

149.144433

-25.90017719

Precipice

No trend. Water level punctuated by constant start-stop pump cycles.

Spring Gully F

149.203

-26.024

Echo Hills Flowing Bore

149.213693

-26.03481317

Precipice

No obvious water level trend. Head potential consistently oscillating between
11 and 12 maRP with constant use by landholder. Head potential at 10.19
maRP on 25/4/2014

Echo Hills Northern Bore

149.193299

-26.01316472

Hutton

Significant variability in reported water levels pre-Origin monitoring program.
Slight downward trend post 2010 (commencement of Origin monitoring) of
0.2 metres per year. Groundwater level at 49.63 mAHD on 25/4/2014

Spring Gully K

148.851

-25.838

Spring Gully-MB15-H

148.8511

-25.8375

Hutton

No data

Spring Gully-PB1

148.851037

-25.83750254

Precipice

Upward water level trend since commencement of monitoring. Over the 2
year and 10 months of continuous logger data to January 2014 (61.88 mbRP)
the water level has risen at an annual rate of approximately 0.25 metres.

Talinga A

150.370

-26.892

Talinga-MB10-G

150.368925

-26.89298336

Gubberamunda

No trend during monitoring period. Groundwater level at 22.7 mbRP on the
26/5/2013

Talinga-MB3-H

150.368916

-26.89240401

Hutton

Consistent downward trend. Average annual decline in water level of 2
metres since monitoring commenced on 16/8/2012. Water level on
20/6/2013 was 27.71 mbRP

Talinga-MB5-G

150.370343

-26.89299426

Gubberamunda

No trend. Monitoring predominantly dip record which is influenced by
pumping activity. Hydrograph suggests water levels are dynamic, with the
range consistently plotting within a metre range of between approximately
25.6 and 26.6 mbRP

Talinga-MB7-S

150.370333

-26.89298505

Springbok

No trend. Monitoring record punctuated by recovery periods where bore has
been opened up and allowed to flow. Best guess at representative head
potential of approximately 8.3 maRP.

Talinga-MB8-W

150.368293

-26.893714

Walloons

No time series analysis

Talinga-SC1-Wb

150.371424

-26.89322193

Westbourne

Extensometer - no data

Talinga-SC2-Wb

150.371275

-26.89316501

Westbourne

No trend. Water level fluctuate by 0.3 metres through the monitoring period
from 13/4/2011 through to 9/4/2014.

Talinga B

150.339

-26.849

Talinga-MB1-G

150.338938

-26.84900786

Gubberamunda

No trend during monitoring period commencing 18/2/2011 through to
25/11/203. Levels fluctuate considerably with almost 2.5 metres difference
between maximum and minimum measured levels during monitoring period.
Two water level spikes in early February and early March 2013 correspond to
2 high rainfall events, each of over 100 mm of rain in the week leading up to
the spike. Its probable the flooding of the Condamine River approximately
500 metre to the north is the cause of the spikes, either due to flooding or
hydrostatic loading. The same response is seen in the Springbok Sandstone
bore (Talinga MB2-S) at the same site. Groundwater level at 19.66 mbRP on
the 25/11/2013

Talinga-MB2-S

150.338818

-26.84897853

Springbok

No trend during monitoring period commencing 21/2/2011 through to
25/11/2013. Less than 0.5 metres of difference between maximum and
minimum levels measured during this period. As for the nested
Gubberamunda Sandstone bore, two water level spikes in early February and
early March 2013 correspond to 2 high rainfall events, each of over 100 mm
of rain in the week leading up to the spike. Groundwater level at 9.09 mbRP
on the 17/7/2013

ZigZag A

150.921

-27.967

ZigZag-MB1-G

150.91958

-27.966673

Gubberamunda

Dips only. Insufficient data to indicate trends. Groundwater level on the
9/2/2014 was 55.58 mbRP

ZigZag-MB3-W

150.923203

-27.965037

Walloons

No time series analysis

ZigZag-MB4-S

150.92032

-27.968091

Springbok

No data
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Appendix F: Tiltmeter Data

Doc Ref: Q-LNG01-75-RP-0001 Revision: A Page 328 of 330
Water Solutions Development, Australia Pacific LNG Upstream Project
Uncontrolled when printed unless issued and stamped Controlled Copy.



2013-2014 Groundwater Assessment Report

0.08

0.04

-0.04

-0.08

0.08

0.04

0.08

0.04

008

0.04

-0.04

0.08

0.04

1

Talinga

-Apr-12 18-Oct-12  B-May-13  22-Nov-13 10-Jun-14

1-Apr-12

18-Oct-12  6-May-13 22-Nov-13 10-Jun-14

1-Apr-12

18-0Oct-12  6-May-13  22-Nov-13  10-Jun-14

1-Apr-12  18-Oct-12  6-May-13  22-Nov-13  10-Jun-14

1-Apr-12 18-Oct-12 6-May-13 22-Nov-13 10-Jun-14

0.08 —

0.04 —

-0.04 —]

-0.08 —

Tilt - degrees: N(+)-S(-)
Tilt - degrees: E(+)-W(-)

1-Apr-12
0.1 —

0.05 —

T T T ]

18-Oct-12  6-May-13 22-Mov-13  10-Jun-14

1-Apr-12

0.08 —

0.04 —

-0.04 —

-0.08 —

18-Oct-12  6-May-13 22-Nov-13 10-Jun-14

1-Apr-12

0.08 —|

0.04 —

-0.04 —

-0.08 —

18-Oct-12  6-May-13  22-Nov-13  10-Jun-14

1-Apr-12

0.08 —

0.04 —

-0.04 —

-0.08 —

18-0ct-12  6-May-13  22-Nov-13  10-Jun-14

1-Apr-12

18-Oct-12  6-May-13 22-Nov-13 10-Jun-14

REPORT

Doc Ref: Q-LNGO01-75-RP-0001 Revision: A

Water Solutions Development, Australia Pacific LNG Upstream Project
Uncontrolled when printed unless issued and stamped Controlled Copy.

Page 329 of 330



2013-2014 Groundwater Assessment Report

-0.04

-0.08

-0.08

0.08

0.04

0.04

-0.04

-0.08

0.2

Reedy Creek

T T T T

1-Apr-12 18-Oct-12 6-May-13 22-Nov-13 10-Jun-14
T T | T T

1-Apr-12 18-Oct-12 B-May-13 22-Nov-13 10-Jun-14
T T T T

1-Apr-12 18-Oct-12 6-May-13 22-Nov-13 10-Jun-14
T T I T T

-Apr-12 18-Oct-12 6-May-13 22-Nov-13 10-Jun-14
T T T T

1-Apr-12 18-Oct-12 B-May-13 22-Nov-13 10-Jun-14

-0.04

-0.08

Tilt - degrees: N(+)-S(-)
Tilt - degrees: E(+)-W(-)

1-Apr-12

-0.04

-0.08

18-Oct-12

6-May-13

22-Nov-13 10-Jun-14

30-Dec-99

T

4-Jan-00

9-Jan-00  14-Jan-00 19-Jan-00  24-Jan-00

1-Apr-12

18-Oct-12

6-May-13 22-Nov-13 10-Jun-14

18-0ct-12

6-May-13 22-Nov-13 10-Jun-14

1-Apr-12

18-Oct-12

6-May-13 22-Nov-13 10-Jun-14

REPORT

Doc Ref: Q-LNGO01-75-RP-0001 Revision: A
Water Solutions Development, Australia Pacific LNG Upstream Project
Uncontrolled when printed unless issued and stamped Controlled Copy.

Page 330 of 330



